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LASER STEPPER 





EXCIMER 


Masao Kosugi 
Semiconductor Production Equipment Groupe 


CANON INC.Optical Products Operations , Kawasaki, JAPAN 


1. INTRODUCYION 


Semiconductor manufactures have almost completea the deveropment of prodution 
processes dynamic RAMs. In general,the majority of manufactures use the i-line 
exposure beam for aligners,while a few use the g-line exposure beam with high 
numerical apertures(NA). The next turget is the deveropment of 64M dynamic RAMs. 
Manufactures have set about establishing 0.3 to 0.35jn design rules.Hopefully, the 
generation of 64M dynamic RAMs may be also realized with “optics”. The main focus 
1S on whether the i-line will survive with improved resists and processes,or whether 
KrF excimer steppers will be introduced. How excimer lithography will develop 
optics is also of interest. Improvements are required for e-beam direct ligthing 
for better throughput and for tne X-ray aligner in mask creation. It is unlikely 
that such improvement will be made in a short time. On the other hand,the three 
major technology elements of excimer lithography,that is’ ,photoresists, laser, and 
projection optics,have each shown certain improvements. Some manufactures have even 
Started manufacturing devices with a prototype excimer stepper on ae trial 
basis. This means that excimer lithography has reached the test stage after passing 
through the reseach stage. 

Many problems remain before excimer lithography can be introduced in.o device 
production lines. This paper points out some of the improvement that must be made 
before excimer lithography can be put into practical use,and discusses how to solve 
them. 


2. CURRENT DEVELOPMENT STAGE OFEXCIMER LITHOGRAPHY 


Table-1 lists the major performance and specification of the prototype of an 
excimer stepper developed by Canon. Photo-1l is an SEM photograph of a new Deep UV 
chemical amplification resist printed with the prototype stepper. Though the 
numerical aperture is low (NA=0.37),the photograph shows the resist's high 
resolution. The high resolution of the resist,which is still incomplete,has proven 
the potential of excimer lithography. The stepper was developed as the first 
experiment of excimer steppers at Canon. At the same time,it was announced for 
photoresist process development. The development of the stepper,from research to 
evaluation,clarified the points to be improved and the direction towara the 
production of excimer steppers. No significant difficulties impeding the 
development of the excimer stepper were found. Efforts should be made to solve the 
problem quickly. 








3. REQUIRED IMPROVEMENTS IN EXCIMER LITHOGRAPHY TECHNOLOGY AND ACHIEVMENT 


Fig-l shows the .nterrelationships between technological improvement to be made in 
relation to the three elements of photolithography. Since the required improvement 
conflict with each other,target specification must be established so as to from a 
balance of improvement goals. The conflict lies in the chromatic aberration 
correction of the projection lens. The chromatic aberration on the excimer 
projection lens axis can only slightly be corrected even when flourite is 
used,while the aberration in g- or i-line lenses can be removed completely. 

To compensate for poor correction in the excimer projection lens,a laser with a 
narrow band must be used.When such a laser is used,the output of the laser must be 
increased. At the same time,the durability of the narrow-band element must be 


improved. The laser must resolve these two conflicting requirements. 
3-1. COST CONSIDERATIONS 


Before improvements in excimer technology are discussed,this section considers the 
conditions for introducing excimer steppers into a production line of conventional, 
steppers which use mercury lamps as the light source. The first condition is 
resolution/DOF,and the second is profitability(cost/chip). Clearly,excimer steppers 
are better in resolution/DOF than conventional steppers under the same conditions. 
From the point of view,excimer steppers will be introduced when the cost/chip of 
the excimer stepper reaches the cost/chip of continuously using i- or g-line lenses 
by means of multilayer photoresists and a phase shift method. 

The profitability should be considered first because efforts to reduce cost will 
require new technological improvement. Table-2 lists the sensitivity and energy 
specifications of excimer steppers estimated when they are introduced into 
production lines. Since the sensitivity of resists is unclear at present,two 
sensitivity levels are set here: 100mJ/cm* and 25mJ/cm’. For the laser output and 
stepper specifications,the minimum target level to be attained in the initial 
production stage of excimer steppers is assumed. 

Clearly from table-2,as the sensitivity increases,the productivity is improved and 
the number of pulses is reduced. Resist with low sensitivity above 100mJ/cm* 
increase the load on the laser,which may delay the use of excimer steppers. 

A primary requirement for the laser is the improvement in durability of laser 


components. Window,narrow-band elements,and electrode are expensive consumable 
modules even i mass production. There durability needs to be improved to reduce 
their unit price per hour. Narrow-band elements and electrode need to last for at 


least one year when steppers operate continuously. That is,the durability must be 
2 x 10° pulses.however, current narrow-band elements and electrodes have a 


durability of at most 10° pulses. 
3-2. STEPPER EXPOSURE SYSTEM CONSIDERATIONS 


Using resists of high sensitivity is effective in easing the improvement of laser 
Output and reduse the number of exposure pulses for each shot to enhance pulses 
durability. However, there are two points to be considered when using resists of 


high sensitivity. Incoherence and exposure control.As indicated in Table-2, exposure 








with 25 pulses must be controlled to within 1%. How to eliminate excessive pulses 
and how fast exposure is performed are futher considerations for exposure control. 
Exposure with reduced pulses also involves indhoherence. It is common to eliminate 
the speckle peculiar to lasers using the smoothing effect produced by overriding 
pulses. In this case,the decrease in pulses must be compensated by an imorovement 
in illumination optics.Note,however,that the complicated optical elements in the 
illumination system may reduce the optical efficiency.At one time,inchoerent optics 
methodology was @ popular topics in conf~rences and magazines. Simplified 
illumination system with transmittance increased to the maximum to obotain 
sufficient illuminance on the image surface are required. If there are 100 lenses 
in the light path from the laser to the wafer surface(image surface), for 
example,there are 200 interfaces between air and glass. Let the transmittance of 
one interface be 99.5%, the whole trangmittance is then reduced to 37%. 
Illumination optics that can be created as products may fall into this 
category,but the structure of the illumination optics must be as simple as 
possible. 

An illumination system having a simple stru ture reduces the cost of the stepper. 

This is the reason why the development of illumination optics plays an important 


role in excimer stepper development. 
3-3. RELIABILITY 


Table-3 lists the required improvement related to the performance stability of 
excimer steppers and their consideration . Focus and magnification changes caused 
by variations in barometric pressure are observed also in g- and i-line lenses. It 
should be noted that for lenses of single fused quartz,such changes can corrected 
completely by shifting the wavelength. In addition, the transmittance of quartz is 
high enough for 248nm wavelength. But the characteristics and durability of optical 
thin films need to be improved. At the same time,design considerations are required 
to prevent a beam from converging on a thin film surface. 

Foreign particles adhering to the glass surface may diffuse ligth, resulting in a 
Significant decrease in illuminance. Illuminance decreases at different rates 
depending on the installation site and the kinds of particles. The decrease may be 
caused by suspended in air from which certain materials ere generated by optical 
chemical reactions. Though N, -gas purging is an effective means for protecting 


optical parts,the materials generated may cause contamination. 


3-4. ALIGNMENT SYSTEM 


TTL alignment with a non-exposure wavelength in excimer steppers is not comparable 
to that in conventional steppers. This is because the excimer lens generates very 
Significant chromatic aberration for a non-exposure wavelength. TTL alignment with 
a non-exposure wavelength has not yet reached the stage of discussion. 

Off-axis alignment has the advantage that it can configure an ideal detection 


optics without restricting the projection lens. However,off-axis alignment has poor 


stability of the baseline over time. A detection system with flexible features can 
be applied to various processes. 














Current steppers have already succeeded in the correction of baseline offsets by 
exposure light TTL. So off-axis alignment is posible also in the excimer stepper. 
Fig-2. describes a method for automatically correcting the baseline. The procedure 
is explained in @ to @. A photochromic material is applied to the four 
photosensitive plates located around the wa’*or holder.When reticle marks are 
projected and printed onto the plates, a pattern forms in the photochromic film. 

In general,alignment aligns the projection image of a reticle to the pattern on a 
wafer. At the point when the photochromic image is printed,the image indicates the 
correct position of the reticle. When positioning to these printed marks with a 
microscope,the stage is shifted. The amount of shift is used as the baseline. 

This method has two advantages: the reception element and processing circuit for 
excimer light are unnecessary,and reticle rotation can be read at one time for 


correction. 
4. CONCLUSION 


Use of the KrF excimer stepper is now a practical possibility, and there are no 
major requiring solution. To attain practical use,efforts in improving the system 
element related to resists,the laser,the stepper,and other processes must be ante 
one by one while these elements play their roles and exist harmoniously in the 
whole system. This process is rather like mountain climbing,where efforts are made 
to reach the summit. The subsequent process,aimed at practical use of the excimer 
stepper,may require futher considerations of the interrelationships between the 


system elements. Canon is pursuing its goal of "Deep Submicron”. 
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Fig-1. Consideration for excimer lithography technology 


Fig-2. Baseline correction procedure 
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I-line, Excimer Laser Lithography 


Masaru Sasago 


Semiconductor Research Center 
Matsushita Electric Industrial Co., Ltd. 


3-15, Yagumo-nakamacini, Moriguchi, Osaka 570, Japan 
Phone(06)906-4897 


ABSTRACT 

The current state of the art devices are being manufactured with feature sizes as small as 0.5-0.6 microns. 
In the next few years the geometry size will decrease to 0.3-0.4 microns. G-line and I-line photolithography 
using conventional novolac based resists will be able tp pattern 0.5-0.6 micron devices adequately, however 
beyond 0.5 micron, an alternative lithography will be required. 

KrF excimer laser lithography is one of the leading cadidates for sub-half micron VLSI lithography. This 
technology will be able to take advantege of the higher resolution and wider depth of focus possible with the 
Srialler wavelength. 

The introduction of KrF excimer laser lithography for mass-production is being pushed further into the 
future by several technical barriers. These barriers are mostly divided into two groups. First, stability and 
CD controllability of positive resist. Second, maximum power and llife time of the narrow band excimer 
laser system. 

This paper describes about main points of KrF excimer laser lithography with comparing i-line lithgraphy 
that a new positive resist with high sensitivity and stability named ASKA, Alkaline Soluble Kinematics using 
Acid generator positive resist; a KrF excimer laser with a maximum laser power of 10.5W and more than 
10? pulses named PCR, Polarization Coupled Resonator; and the result of KrF excimer laser lithography for 
0.4 micron VLSI using this combination of ASKA and PCR technologies indicates improved throughput 
over convenuonal g-line lithography. 

In conclusion, key technical and economical barriers of KrF excimer laser lithography has been solved by 
utilizing ASKA and PCR laser. By this combination of ASKA and PCR, KrF excimer laser lithography will 
main technology for 0.4 micron VLSI such as 64MDRAM. 
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Figure 1 Change number of stepper-production and DRAM chip production. 
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Figure 2 Concept of chemical amplification resist 
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Figure 5 Effect of post exposure bake temperature (90-130 C) on the contrast 
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Figure 7 Through-put dependence on resist sensitivity and laser. 
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Figure 9 ArF aspherical monochromatic lens having 0.45NA and 
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Figure 10 SEM photogarphs of deep-sub-micron PMMA patterns exposure by 
spherical and aspherical lens having 0.45NA with |1mm.square. 
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ULSI TECHNOLOGY R&D IN U.S. AND JAPAN 
GLOBALIZATION AND REGIONALIZATION 


Yoshio Nishi 
Silicon Process Laboratory, Hewlett-Packard 
Palo Alto, California, U.8.A. 


Introduction 


Silicon integrated circuit technology has given one of the 
largest impacts to the human society in the latter half of 
this century. In particular, the last fifteen years, which 
were dedicated to the progress of VLSI followed by ULSI, have 
been truly remarkable in terms of exploding application areas 
of this technology, such as computers, communication, 
aircraft, automobiles, and a large variety of consumer 
electronics products. Strength and/or weakness in the VLSI 
technology has, to a certain extent, governed the industrial 
capability of nations. This has triggered numerous concerns, 
which often resulted in abrasive interactions among leading 
countries. 


When we look at the U.S.-Japan science and technology 
relationship in general, there are a number of possible 
different viewpoints for us to approach the issue of mutual 
concerns. It has been said that interactions between the 
U.S. and Japan in basic research and product 
development/manufacturing have not been in a bilateral 
manner. The former area has had a strong unilateral flow of 
knowledge from the U.S. to Japan, while the latter area has 
been characterized by significant trade imbalance in 
industrial products. Often discussed in this category is 
Japanese efficiency in product manufacturing versus U.S. 
superiority in basic research. A more specific example from 
VLSI territory would be DRAM technology development and 
manufacturing in Japan in comparison to the creation of the 
RISC processor architecture concept in the U.S.. However, 
once we give a much closer look at the mechanism and 
methodology of research and development in the U.S. and 
Japan, we may reach a much deeper understanding of what has 
led us to today's situation, and, at the same time, get some 
hint as to how we could improve it in the future. 


The purpose of this talk is to discuss various aspects of 
VLSI R&D methodology differences and similarities, including 
industry-university interaction. 
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VLSI TECHNOLOGY 


VLSI technology was started in the middle of the 1970's as a 
technology for 64Kbit DRAM and its equivalent. Since then, 
the technology has delivered 256Kbit, 1Mbit, 4Mbit, and 
recently 16Mbit DRAM's, as well as several equivalent 
integrated circuits, such as SRAM's, EPROM's, and a variety 
of ASIC's. 


When we compile the available data and try to foresee the 
future, the easiest way is to stay with simple extrapolation 
from the past to the future. Almost amazingly, such a simple 
method has been quite useful in the past two decades. We, at 
present, have no definite reason to change the way of doing 
this. 


Figure [1] is one example of people trying to predict future 
VLSI/ULSI technology for the forthcoming 10 years. Although 
the numbers put together in Figure [1] are superficial, they 
do give the VLSI technology community tremendous’ scientific 
and engineering challenges. A big question to be asked would 
be how we should respond to those challenges in research, 
development, and manufacturing of future VLSI/ULSI's. The 
U.S. and Japan have been playing a significantly large role 
on the progress of integrated circuits technology since the 
end of the 1960's. Both approaches have shown some 
Similarities as well as differences. 


TECHNOLOGY R&D 


If we extremely simplify the sequence of VLSI technology R&D, 
we can reach a picture such as shown in Figure [2]. There 
are two key streams before the design rule definition. One 
is coming from system architecture design, and another is 
started from physics, chemistry, and metallurgy for discovery 
of new materials/phenomena and improvement of processes. 
Both flows should meet at the generation of design rules, 
which satisfy both system performance requirement and 
manufacturability-reliability requirement. If there is any 
mismatch coming in, the results will most likely be a slip in 
schedule. Some VLSI's such as dynamic random access memory, 
which is called a "technology driver", have enhanced the 
bottom up path leading to highly manufacturable processes yet 
reasonably aggressive. The top down path has_ resulted in 
even more aggressive design rules for performance enhancement 
or too conservative design rules from the requirement for 
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comprehensiveness of cell libraries. The former is typically 
geen in Japan, and the latter is sometimes seen in the U.S.. 


The other interesting differences between the U.S. and Japan 
may be observed in technology R&D pattern. Figure {3} and 
figure (4) illustrate typical VLSI R&D pattern in Japan and 
the U.S.. From the rigorous point of view, those two 
patterns are not an apple to apple comparison, because major 
Japanese company's technology is driven by custom designed 
memory, while most of the U.S. company's technology is driven 
by ASIC's. 


There still are a certain amount of comparable differences 
which have been brought in my managerial and engineering 
cultural differences. The major difference exists in 
defining the final design rule set. 


In Figure {3} the early process integration is started in the 
year 2 through prototyping, while it happens in the year 3 in 
Figure [4]. The prototyping results in Figure [3] is 
generally published at a circuit conference such as the 
International Solid-State Circuits Conference (ISSCC) for 
technical discussion, but it does not necessarily mean the 
prototype is directly commercialized. Most of the 

prototypes are the foundation of the real design for 
engineering samples, which explains the "two years" after the 
ISSCC before seeing real products. This pattern of VLSI R&D 
seems to work quite smoothly as far as it has been measured 
through both technical paper publications at the ISSCC and 
product volume shipment. 


The other R&D pattern shown in Figure [4] is placing a 
significant emphasis on the completeness of the final design 
rule by which designers start prototype designs. It is 
interesting to see that the real production starts only one 
year after the ISSCC. This may be good news, but at the same 
time this implies that there is not enough time left for 
polishing technology and design for the highest 
manufacturability. 


The other aspects invclved in Figure [3] and Figure [4] would 
be the difference in interaction between design/system 
community and process community. Some ambiguity in job 
definition and responsibility incorporated in Japanese 
organization might have helped earlier interaction between 
design/system community and process community. Clear job 
definition e ‘* organizational charter in the typical U.S. 
management he ironically prevented the interaction between 
the two communities in earlier phases of R&D. 











Figure [5] and [6] are the examples of technical publications 
at ISSCC and IEDM (International Electron Devices Meeting), 
which show significant increase in Japanese contributed 
papers with respect to U.S. papers. Again, part of them are 
quite explainable from Figure [3] and Figure [4]. But also, 
we should note that Japanese companies tend to take the ISSCC 
publications much more seriously than the U.S. companies. 
Because they know the visibility of techno]ogy at the ISSCC 
helps their current product marketing by showing customers a 
long range technology leadership commitment in addition to 
several generic advantages of sharing technical information 
with other companies. Furthermore, if we compare Figure [3] 
with Figure [4], the technology presented by Japanese 
companies can be always one to two years ahead of their U.S. 
counterparts because of the difference in R&D pattern as 
discussed before, even though both are marching together. 


The significance of this superficial difference, although it 
does not come from any real technology difference, may have 
induced unfortunate misunderstanding among system community 
in U.S. saying that the U.S. VLSI process technology is 
behind that of Japan. 


ROLE OF UNIVERSITY RESEARCH 


Under the situation of the ever-increasing need for critical 
research resources to progress technology, the role of 
university research will share a substantially large portion 
in the overall available resources in both countries. 


Figure {7} is an example which was derived from the 1989 
IEDM. Each technology category is taken from what the IEDM 
has adopted except for the category for compound 
semiconductor research. Distribution of papers in Figure [7] 
is surprisingly similar to the 1988 IEDM although it has not 


been presented here. U.S. university contribution to the 
solid-state devices is remarkably high, while the device 
technology receives the lowest contribution. Japanese 


universit’es have a few contributions to device technology 
leaving zeros in other areas. Integrated circuits category 
is showing interesting contrast between U.S. industry and 
Japanese industry. Since the conference was held in San 
Francisco, which might have automatically suppressed paper 
submission by Japanese universities, perhaps we should look 
at a conference held in Japan. 


Figure [8] shows results taken from the Conference on Solid 
State Devices and Materials’. held in August, 1989. 
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Unfortunately this conference in 1989 was not an 
international meeting, which explains extremely low U.S. 
contribution. When we look at Japanese papers, university 
contribution in device technology clearly has a sharp peak 
with respect to other areas, which is consistent with Figure 
[7]. A major part of those Japanese university contributions 
in device technology falls in a category of basic research, 
which may suggest the role of Japanese university on VLSI 
R&D. Other interesting phenomena may be in 
modeling/simulation in Figure [7] and Figure [8], where 
university and industry show equal significance in U.S. and 
Japan. 


If we think of the difference in the university research 
funding situation in the U.S. and Japan, and also consider 
the difference in research organizations of industrial 
sectors in the U.S. and Japan, R&D/manufacturing hierarchy 
can be visualized as shown in Figure [9]. One of the key 
notions here is the difference in research coverage between 


both nations. Japanese industry in VLSI tends to cover a 
part of basic research as well as applied research through 
manufacturing. On the contrary, U.S. industry in the same 


business field has less coverage in basic to applied 
research, while U.S. universities have large coverage over 
basic research through even advanced development which has 
been typically shown by university spin-out business 
ventures. This would imply that Japanese industry can have 
better coordination across research and development with 
certain overhead cost. The U.S., on the other hand, needs 
substantial efforts to best coordinate research and 
development for higher efficiency, which belong to university 
and industry, respectively. 


As mentioned earlier, the ever increasing critical mass in 
doing VLSI R&D will foster better cooperative efforts between 
the two countries as well as business alliance arrangements. 


There has been a frustration among the U.S. side about the 
restricted access of Japanese research information in a part 
of basic research and applied research field, because they 
are included in the industry sector and, therefore, cannot be 
as free as accessing the equivalent information from U.S. 
universities. However, recently, a trend among Japanese 
industry has started significantly changing the situation 
into more bilateral exchange from unilateral exchange. 


Japanese corporate research laboratories are quite open and 
encourage acceptance of scholars from U.S. universities, 
which may reveal a new horizon for the interaction mode of 
technology communities of both countries. Other positive 
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materials here would be some of Japanese government supported 
long-term research programs, which invite foreign 
participation. 


At the same time, there have been a number of discussions in 
U.S. research consortia, such as Semiconductor Research 
Corporation (SRC), as to whether SRC, for example, should 
invite international participation. Similar conversations 
have been made in the U.S. university community. 


As we move on with a lot of cooperation in research and 
development, including the exchange of people, many of the 
issues which tend to make dissonant sounds shall disappear, 
which further encourages smoother relationships with higher 
levels of collaboration, as well as healthy competition. 
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Fig. 2 VLSI technology R&D sequence 
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Fig. 3 Typleal VLSI R&D Pattern in Japan 
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Fig. 5 ISSCC Technical Papers 
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Fig. 7 Number of Papers at IEDM (1989) 
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Fig. 8 Number of Papers at Conference on Solid State 
Devices & Materials (1989) 
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Contamination Control Technology 


M.Tsukaguchi 


LS/I Research and Development Laboratory 
Mitsubishi Electric corp. Hyogo, Japan 


1.Introduction 


In the field of semiconductor industry, the importance of particulate 
contamination control technology, what is called clean technology, has been 
much recognized. Fundamental studies about clean technology have been made 
widely and new inspection techniques have been developed in recent. On this 
situation, the technique and many data, which were required enormous man 
power, time and cost, must be noticed to practical use on wafer fabrication 
process. However, the improvement of cleanliness on VLSI fabrication process 
depends on the application of this technology and level up of it. In this report, we 
described the -particulate contamination control technology with our practical 
examples. 


2. Outline 


Figure 1 shows outline of contamination control technology. First of all, the 
most important thing to keep particulate free in clean room is the necessity of the 
thorough understanding for the particulate contamination control technology. To 
this end, information and instruction of clean control concept to engineers and 
operators in clean room, must be performed repeatedly to attract their attentions. 
Next, particulate contamination data, which are recorded regularly, are analyzed 
and fed back to the practical device fabrication process and the clean room 
control with certainty. It is important to continue analysis and to construct the 
feed back system on particulate contamination control. 

One of main jobs for the clean control engineer is to infiltrate the thorough 
understanding of the particulate contamination control technique into the entire 
Process and device engineers in clean room. Also they have to make their efforts 
to develop and confirm the fundamental technology for reduction of particulate 








contamination on wafers. 


3.The application of clean control technology 
3-1 Propagation of cleanliness -Birth of CATS- 

In MITSUBISHI Electric co., the special teams for paticulate contamination 
control in wafer process line were organized in 1984, which were named CATS 
(Clean Analysis Team for Semiconductor). They have important rolis in a 
continuous improvement of clean control technology on wafer process. For the 
infiltration of the thorough understanding of the particulate contamination control 
technique, the following activities were effective. 

1) Symbol mark of these teams was designed. 

2) Team flag, T- shirt, stickers and stamps and so on were 

made for an appeal of team activities. 
3) Monthly reports called CATS report were published and 
meetings called CATS meeting were held regularly. 

4) The team was mainly organized by young ladies engineers. 

The team “CATS” is the symbol of activities for clean control in MITSUBISHI. 


3-2 Collection of quantitative and qualitative data 

At first, particulate level of our wafer process lines was evaluated. The 
relation between particle size and it’s density and device design rules was 
investigated(Fig.2). The following results were obtained from calculations based 
on this figure and Poisson's formula of the device yield. 

1) If 4M(D)RAM yield of this wafer process line is 50%, the yield of 

16M(D)RAM will be 13%. 

2) 30% reduction of particulate level will be necessary to obtain 50% yield 

of 16M(D)RAM. 

By means of qualitative and quantitative data collection, effective 
countermeasure for the improvement of paticulate contamination can be 
performed. Even though it is difficult to collect quantitative data of paticulate 
contamination, it needs to continue the establishment works on these data 
collection for the progress of clean control technology. 


3-3 Skin care in clean room -Cosmetic- 
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We had a fixed idea for the working in clean room. For example, every 
cosmetic must not be used in clean room because it becomes origins of 
particulate. However, a rough skin of engineer's hands generates many particles 
(Fig. 3,4), and almost people working in clean roorn appeal that the skin of their 
hands is changed rough. Before they enter the clean room, they have to wash 
their hands and faces twice, worse still, clean room air is controlled dry. 
Therefore it is reasonable that their skin changed to be roughened. 

We analyzed many kinds of cosmetic ( skin lotion, milky lotion) to find the 
suitable cosmetic which can be used in clean room (Table 1). And we found and 
chose sample A because it kept low paticulate level and contained little metal. 
Also almost clean room engineers and operators agreed with our selection. 


3-4 Bring home to worker's heart. -Air showering time- 

It is needed that the maintenance technique and manner of cleanliness are 
not only to know the method but also to bring home to worker's heart. Further 
more it has to keep long time (for many years) to remain the necessity in their 
heart. In practice it is difficult for every clean room operators to understand the 
importance. An example of how to keep the manner is shown below. 

1) Sampling 

Figure 5 shows the relation between using time of air shower v.s. 
number of paticulate coming from clean suits. The best using time is 
able to be decided about 20 seconds. However, average using time of 
almost operators was 8.7 seconds. It is clear that the using time was 
inappropriate for keeping cleanliness. 

2) To make a rule 

The rules must be based on data and be easy to carry out. So we 
determined a rule as “ one second by one step” in this air shower. 

3) Campaign 

We call it “ 1 sec/step campaign’, and many posters were designed 
SO as to infiltrate this new rule for all clean room people. 

4) To operate easily 

Signal lights were attached on the wall of air shower staircase, which 
guide us the appropriate rhythm for going up and down the stairs with the 
turning on and off by each second. 


5) Follow 
























Regular meetings of cleanliness to reunderstand the rule and data 
have been held to understand this rule. 


Easy to understand and practice is important for the rules. 
4.Conclusions 

Points of application of clean technology are concluded below three. 

1. Thorough understanding of clean control concept 

2. Quantitative and qualitative data of cleanliness 

3. Certain feed back to clean room maintenance 
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MULTICHAMBER SYSTEM FOR CHEMICAL VAPOR DEPOSITION 


K.NUMAJIRI and T.ISHIDA 


Engineering Devision 
ANELVA Corporation 
5-8-1 Yotsuya, 
Fuchu-shi, Tokyo 183 
Japan 


1. INTRODUCTION 

With development of high integration device in future, as 
depth of contact and interlevel via hole increases more and more, hole 
filling by only sputtering of conventional wiring method are very 
hard. To solution this problem, new wiring method by W-CVD has been 
widely developed. This technology of W-CVD has two methods. One is 
selective W method and another is blanket W method. Table 1 shows 
application for wiring and problem respectively. 

However, as these problems are able to solution to improve 
device design or surrounding process technology of W-CVD, it is 
consider that realization and mass production of W-CVD mathod. 

In the following section, we will announce the multi-chamber 
W-CVD deposition system (Model ILC-1551) for process development and 
Model ILC-1051 for mass production, and then demonstrate our several 


results of selective W and blanket W using this system. 
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2.ILC-1551 MULTI-CHAMBER SYSTEM 


The ILC-1551 is a cassette-to-cassette W-CVD deposition 
system designed for small production or experimental basis. This 
system has up to three independent process chambers adjacent to the 
separation chamber due to process requirement (Fig.1). 

The system features; 

@ It is capable of developing new processes which can be 
directly translated into mass production. 

@ Mutual independence of the process chamber is very important 
concept to prevent cross contamination. With this high 
quality thin film is produced with high reproducibility and 
multi-layer thin films are obtaind under vacuum. 

«) Particles on the wafer can be extremely reduced using face 
down transfer mechanisms. 

We will expect that W-CVD technology needs etching process 
in situ, pretreatment for selective W and etch back for blanket W. 


Multi-chamber system is available for these etch process. 


3.ILC-1051 MULTI-CHAMBER SYSTEM 

The ILC-1051 is a cassette-to-cassette designed for mass 
production. To this system has pentagonal separation chamber, it is 
able to have up to four independent process chambers (Fig.2). And this 
machine has two transferring robotic arms. It is able to load and 
unload wafer simultaneously. Now, this machine is used for mass 
production of sputtering. Since it processes all the features of the 
ILC-1051 which fits in to mass production, any production processes 
developed by this system be transferred to the ILC-1051 with no 


reservation. 
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4.SELECTIVE W PROCESS 
( SiH, reduction |] 

W film by hydrogen reduction of WF, has been widely known. 
However, this process has another problem such as low deposition rate 
and large leak current due to Si consumpution. This concern has 
greatly limitted the VLSI production. Recently low temperature 
selective W-CVD process using SiH, reduction of WF, has been concerned 


for problems. '»*) 


{| Film characteristics ] ‘*? 

The relation between deposition rate and SiH, gas flow rate 
is shown in figure 3. In this experiment, WF, gas flow rate is 
constant (10 sccm). It is seen that deposition rate increases linearly 
with increasing SiH, flow rate. 

W films are not selectivity deposited when WF,/SiH, ratio is 
under 1. Consequently, it is found that reaction mechanism of SiH, 
reduction is mainly controlled by absorption and desorption of SiH, 
gas molecules. 

Fig.4 shows distribution of film thickness. Film thickness 
1S measured by cross section of SEM images. Good distribution (+ 5%) 
1s obtained for 6 inches wafer. 

Fig.5 shows reproducibility of W films as function of sheet 
resistance on the bare Si. Good reproducibility (+ 4.5%) is obtained 


through 25 wafers. 


Fig.6 shows a typical SEM image of W-CVD. It is seen that 


selectivity is very good. 
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5.Blanket W process 


{ H, reduction | 

Blanket W process use H, reduction of WF, instead of Sik, 
reduction. W-CVD process using H, reduction is bad surface morphology 
but it is obtained good stepcoverage and low resistivity (8-10 uN. cm) 


compared with SiH, reduction. 


| Film characteristics | 

Fig.7? shows SEM image dependence on pressure. Experimental 
condition is 0.1 Torr, 450 ‘ and 1.0 Torr, 350 CC respectively. In 
case of 1.0 Torr pressure, filling is good without void and surface 
morphology 1s good compared with 0.1 Torr pressure. Good morphology is 
very important for wiring to pattern after process. In addition, in 
this case, deposition rate is about two times in spite of low 


temperature. 


6.SUBJECT FOR VLSI APPRICATION 

CVD-W method is very important for VLSI technology. This 
method is selected either selective W or blanket W by device structure 
or process purpose. It is required that development of machine for 
mass production and high reliability. 

It is considered that W-CVD technology is used for mass 


production of VLSI device following improvement of erectrical 


characterization. 
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Table.1 Application for wiring 


and problem of W-CVD. 





Application 


Problem 
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Present Status of CIM for Semiconductor Production 
and Associated Problems. 


Michio Homma 
NEC Corporation,Semiconductor FA Engineerring Division 
1120, Shimokuzawa Sagamihara, Kanagawa 229 Japan 


Introduction 


Particle problems, labor-savings, and shorter Turn Around Time (TAT) are 
the three main characteristics of factory automation (FA) in the field of 
semiconductor production diffusion processing. Until recently, FA efforts 
had been directed largely toward transport automation , labor-savings and 
the deveiopment of technical information systems. 

However,with manufacturers finding it increasingly difficult to secure 
young personnel, FA which promotes even greater labor-savings is 
becoming essential. This paper will present some future issues and 
demands related to facilities and equipment. 


The semiconductor production environment 


Some major problems currently being faced by the semiconductor industry 
are (1) the shift to ASIC; (2) product multi-layerization and miniaturization, 
and (3) separation of young workers from manufacturing work. 

These three problems are not independent, but are directed toward FA 
linked together. Fig. 1 shows relation of these problems. 


Feetures of semiconductor production 


An outline of the LSI manufacturing process is shown in Fig. 2. Wafer- 
processing takes the from of "job shop“ production, Which is not seen in 
other manufacturing industries. In this type of production, the same 
products pass through the same equipment many times. Not only are 200 
to 300 machines installed and 10 to 200 product types processed, but 200 to 
500 process steps are required for each product due to increasing 
miniaturization and multi-layerization. Because of this, TAT have 
increased and almost-daily change in manufacturing conditions has 
becomes the norm. 
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Today, quick changes in the product mix have become necessary to 
respond rapidly to customer demands. 

Naturally, in this production environment, tools are required to 
supplement personnel. 


4. The Present status of FA 


Fig. 3 shows the connections between the LSI manufacturing line and 
outside systems. LSI manufacturing line is surrounded by (1) sales 
information, (2) research and development, and (3) management information 
systems. 

Three systems are used in LSI manufacturing line FA: 

(1) Production management system 

(2) Production control system (including transport system) 

(3) Technical information system 

The present status of the above three systems is as follows. 


(1) Present status of production management system 


The production management system manages work being 
processed, the progress of all products on the LSI manufacturing 
line, and the operational status of equipment. Through 
commnunication with the management information and sales 
information systems external to the LSI production management 
system receives input instructions for products and transmits 
replies concerning delivery. 


(2) Present status of production control system 
The production control system has the following basic functions: 
D Control and instruction of work conditions 
@ Control and instruction of transport 
@ Collection of work information 
4 Work information inquiries 
Fig. 4 diagrams work condition control and instructions. When 
engineering departments input work conditions inadvance, the 


production department produces work commencement reports 
when work begins. 





When this report is sent to the host computer, work condition 
instructions are sent back. Fig. 5 is adiagram of work 
information collection. 

When work is finished, a work completion report must be 
produced, and work information is sent to the host computer at 
this time. Fig. 6 concerns the transport system. When products 
are brought to the transport station, a transport reports is sent 
manually or automatically to the host computer, the destination 
is sent back to the transport station, and the transport system 
transports products as indicated. Fig. 7 shows how various 
inquiries can be couducted at terminals using work information 
stored in the host computer. 


(3) Technical information system 

The technical information system performs analytical processing 
of work information collected and stored by the production 
control system. Fig. 8 shows the centralized control flow of 
work information carried out by the production control system, 
and Fig. 9 shows the decentralized analytical processing flow 
of the extracted centrally-controlled work information. Because 
centrally-controlled work information includes all processing 
and equipment information, wide-ranging analysis is possible. 


The CIM of the LSI manufacturing line is based on the above three 
systems. Each semiconductor manufacturer differs from others in hardware 
configuration. In addition, there are strong and weak points in both 
centralized-control and decentralized processing, as shown in Fig. 10 and 
Table 1. 


5. FA-related issues 


While FA in its present status is not perfect, unreasonable expenditures in 
this area could easily exceed the amount invested in semiconducotor 
manufacturing equipment. It is therefore necessary to promote cooperative 
FA efforts among equipment manufacturer sand the semiconductor 
manufacturers who are their customers to keep FA investment costs down. 
From equipment manufacturers, the following are needed: 
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(1) Better automated equipment 

First, stable operation must be pursued. Because the 
operationrate is low in comparison with other types of 
manufacturers, many maintenance personnel are required. To 
promote FA further, these personnel most not be increased. 

To this end, self-diagnosis functions need to be improved and 
communications with the host computer should also be 
standardized. 


(2) Balanced development of performance and processing capacity 
Better performance of manufacturing equipment has of course 
been sought from the beginning, but since single wafer 
processing will increase in the future, balanced development of 
performance and processing capacity are desirable. 


(3) Improved handling of materials 
With the increase in wafer diameter, automatic setting 
functions will become necessary for many types of equipment. 
Eight-inch wafter work done by women will become 
particularly difficult. Connection of tansport systems with 
manufacturing equipment is also needed. Both Particle 
reduction and manual wafer handling are becoming impossible. 


6. Conclusion 


So far, there has not been much exchange between semiconductor 
manufacturers. There is little information related to CIM in the LSI 
manufacturing line and the concept varies with manufacturer. However, if 
equipment manufacturers are to meet the demands for FA of each 
particular semiconductor manufacturer, their burden will be too great. 
Consequently, equipment cost reduction will benecessary, by promoting 
unified FA specifications and establishing common communications 
specifications. 
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1. 


INTRODUCTION 


Recently, the industria] environment for semiconductor manufacturing is in age 
of the technical innovation. For example, the sarket complexity, advancement, 
short turn around are well known issues, in addition to the manufacturing of 
the globalization, also remarkable increase of resource & cost for the rapid 
process advancement with the progress of ULSI are well recognized among the 
segiconductor sanufacturer. 

In such condition, the automation of the semiconductor sanufacturing line has 
been progressed in conjunction with the advancement of the application technology 
in peripheral industory at the direction for the gateria] handling, and the 
information processing. So that, it is called” One of FA model enhancement to 
realize the CIM”. But, each line has been generated and improved by the 
unique approach of each saker’s short term strategy. In consequence, the standard 
CIM doesn’t exist. To aiming the sanufacturing line with the advanced CIM, 

in the conventional approach by improving the each function of the sanufacturing 
line independently, the ligitation of the expected functionality and cost 
performance in the total system due to lack of line balance is seemed to be 
appeared. To challenge the technical breakthrough toward current situation, it 
is worth while notice to take the strategy of ” MODEL DRIVEN” approach to 
develop and operate CIM, rather than ” EVENT DRIVEN” approach used to be. 

As the needs, the four points are refered below. 


At the first, as the fundamental issue, the higher performance and stable process 
contro! which guarantees the sub-sicron design rule in operation gust be 
established. Then, the fault tolerant network system must be established, 
prior to implement tive online real time gonitoring and control for the equipment. 
Secondly, with the higher integration of ULSI device, the caliber of wafer 
becomes bigger to meet the cost effectiveness. With corresponding to that, the 
phase out from the anual handling to the autosatic wafer transfer operation 
is needed with the data justification / satching of computer system. 

Thirdly, to supply the products fitted to the market trend, the construction 
of the flexible manufacturing management system is needed, which is tolerable 
in operation with huge data by the enormous kind of devices. 

Fourthly, to perform the global operation consistently, to keep the visibility 
In system is needed. Namely, the justification of the information to the every 
Plant among the world is key issue, between the manufacturing points in the 
Same layer and within the manufacturing point, and the reproducible operation 
are necessary for every manner at the global operation system. 
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In the view point above, firstly, FULL AUTOMATION ORIENTED ULSI MANUFACTURING LINE is 
refered. Then, CIM MODEL-DRIVEN APPROACH & GOAL is described. And, OUTLINE OF CIM 
OPERATION FEATURES & CRITICAL PATH is considered for some iteas. 


2. FULL AUTOMATION ORIENTED ULSI MANUFACTURING LINE 


Under such condition that the continuous process development of new device for the next 
generation has been happend, the strategy of the semiconductor sanufacturer aoves to the 
global operation, and the strong cost consciousness to meet competition in semiconductor 
business generated requirement of "LESS PEOPLE OPERATION ”, that requirement has ade the 
level of FA drawn up in ULSI ganufacturing line, as the result. The root cause is 
characterized, such as below. 

The peculiarly unstable state of the semiconductor operation caused by pursuing the edge 
of process for the advanced device has prevented from keeping the consistent FA 
development strategy, sometimes. And, the number of operational step by the process 
advancement has increased and reached at some threshold levels for humanbeing to handle 
in the material and its information by manual. When the sore advanced process will 
require the higher level of automation, the conventinal approach seems to be in the 
limitation. However,since the segment technology, especially the computer system, has not 
been matured to meet the requirement, it gay be given as the conclusion that the choice 
of the "EVENT DRIVEN” approach was the optiaized solution in that stage. 


3. CIM MODEL-DRIVEN APPROACH & GOAL 


To make a breakthrough in the above points, the construction of “MODEL DORIVEN” CIM is 
needed. At the back-ground of "MODEL DORIVEN” CIM, the integrated operating technology 
of the computer system with the some segment technologies has advanced to the practical 
use. And, the direction of the sanufacturing fore has been cleared with the progress of 
the development and the sass production of the next generation process. 

The core of the advanced sanufacturing fore will be "DATA AUTOMATION” & "MATERIAL 
HANDLING/ROBOTICS AUTOMATION”. As the development strategy of thea, the additional 
improvement must be not adapted. Then, the incorporating the high perforwance function in 
the system from the start of the system design alone can realize the next generation 
manufacturing fore. That incorporation alone seems to be of use as the technology driver. 
Now, the construction of ULSI CIM by "MODEL DRIVEN” seems to be the optimal solution in 
the development approach. 


In "MODEL DRIVEN” approach, we must design the accurate goal. Here, we consider as the 
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goal of ULSI:CIM system, ” ZERO PEOPLE OPERATION IN CLEAN ROOM ”. 

Firstly, we seek the guarantee of the operational reproducibility. Primary factor 
effecting haraful to the quality is the manual interposition. The next factor is the 
manual processing the data generated at the point, for example the inspection. These 
critical issues are the difficulty to conquer the dispersion, and the accuracy problem. 

Secondly, we need the guarantee in the reproducibility of the operational information 
for the globalization of manufacturing points. Then, the reduction of the manual 
interposition is very important. 

Thirdly, we aust keep the justification of information. To realize the operation meeting 
justly to the market trend, not only to keep the routine operation, but also the on-time 
delivery based on the i@proving information and the feedback to the manufacturing. Namely 
to unify the information of the global organization is the most important. 

The effects of above three points are made more manifest in the condition of autual 
effective, than in the independently condition. The realization of the visibility based 
on the data justification of the global organization to optimize the effect is the final 
goal of CIM. 


4. OUTLINE OF CIM OPERATION FEATURES & CRITICAL PATH 


PROCESS CONTROL 
Through the recipe ganagesent of each equipment and the diagnosis feedback ( ex. the 
measurement results ), the localized optimization is aimed. At the same time, the 
unification of the optimized effect is indispensable ( ex. Generation the data for the 
trend analysis ). The system to invest the man-power enoughly to the needful process 
Step which has been received the @an-power,(ex. measurement operation etc.), a little, 
and to supress the dispersion of the skill lebel is needed. 


SCHEDULING 
It is difficult to solve the problem of the global organization as one piece, in the 
view point of the scale. As the strategy mode] which aimes to the global optimization 
through the local optimization of each layer of the global organization is coincided 
with the autonomous disperesed mode], the expanding development of mode] which can 
guarantee the optimization between each layer is needed. 


INTELLIGENT HOT-STANDBY 
One of the request for the information system is to keep "ULTRA HIGH RELIABILITY”. Not 
the simple hot-standby system, but the function to keep the justification of the 
information-base, and to cover over the emergency temporary reduced operation is added 
with the another independent system ( in Fig.1, the scheduler system). And the remote 

















evaluation of the reduce degree of emergency operation, the localizing the damage to the 
hot standby system are needed. 


SENSING & INFORMATION PROCESSING 

The relation between the information recognition and the production which the recognized 
unit is the lot, is corresponded to the tracking of the lot ID, or the code carrying of 
IC card, etc. But, according to the shift of the recognized unit to the piece of wafer 
from the lot with the growth larger, the handled information mass is increased rapidly. 
Then, the detection of erroneous information, the correction are complex and difficult. 
As the wafer information tracked is generated by every piece of wafer, the number of 
managed items is huge. And increasing the number of the process step with the advancement 
of ULSI, the data mass handled each piece of wafer is increased innevitablly. 
These phenomenon are appeared in the synergism condition. Then, the design of the 
handled information through the sensor and the implementation of the sensing systea for 
recognition seem to be the fundamental factor of CIM. 





MATERIAL AUTO TRANSFER / HANDLING / LOADING 
The series automated technology which has been developed, so far, from the wafer auto 
transfer to the wafer auto loading are indispensable physically in the large size wafer 
operation. To condense utmost the idle time on the process equipments, the development 
and introduction of the gaterial handling technology are the key point. And, in the super 
clean environment, or the special atmosphere, it is difficult to operate by humanbeing 
manually. From this point, it is very important technology. 





5. OONCLUSION 


"EVENT DRIVEN ” approach has the limitation of the sanufacturing fora, for example, the 
peculiarly unstable process of the semiconductor operation caused by pursuing the edge 
of process for the advanced device, and the number of operational step by the process 
advancement has increased and the volume of data reached at some threshold levels for 
humanbeing to handle in the gaterial and its information by sanual. 

In this paper, "MODEL DRIVEN’ approach to break through the ligsitation is considered. 
The construction of CIM by "MODEL DRIVEN” is not the simple "TOP DOWN” approach, and aigs 
to realize the model onto operation which will be guaranteed by the realistic possibility 
with use of the proved out segment technology. It is very important to challenge the 
technical breakthrough toward current situation, and to realize the future sanufacturing 
system that is consistently integrated system in orcanic ganner with visibility for the 
global operation. 
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.O INTRODUCTION 


This paper describes FALCON (Photo Automated logging and control) system 
which developed in 1987 and applied to all products including Logic and 
Memory in March 1988. It was ]inked to SILICON (Fab line support system) 
and a great milestone to a fully automated photo process system (1,2)or PHOTO 
CLUSTER. Now we have developed and installed PHOTO CLUSTERs in a new 8-inch 
Wafer Fab line successfully. They were designed based on CIM concept (3). | 
will describe about PHOTO CLUSTER after PHALCON presentation additionally. 


-O OVERVIEW 


PHALCON system which adjusts process parameters of following lots based on 
prior lot measurement results on device expose process. A mask pattern which 
contains circuit is printed via expose process. It is required to have an 
accurate overlay and a dimensional! control. A silicon device has a lot of 
mask levels. And these masks should be exposed less than 0.5u aberration as 
overlay. Also, a process dimension can be changed by expose condition. In 
other words, a circuit dimension which defines product functional speed or 
other device parameters highly depends on the expose energy. 


1 SYSTEM GOAL. 


Correspond to sultiple logic P/N. 
- Improve device yield. 


Eliminate/reduce send ahead. 
- Improve rework ratio. 
- Reduce engineering work load. 


3.0 PRINCIPLE 


This system consists of a regular process feed back loop as, 
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external disturbance V(z) 














set point 
R(z)+E(z) | expose process Ll measurement response 
~ Ge (z) —-31—_ 94 Gp (z) ——7 Y(z) 
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R(z) : Reading lot process parameter. 

E(z) : Optimized parameter deviation. 

V(z) : Disturbance of photo resist sensitivity, expose tool stability, 
mask error etc. 

Y(z) : Product dimension and overlay. 


E(z) is calculated by the delta of Tet to Y(z). If V(z) is defined then 
feedback loop isn't required. However, it contain a lot of unknown elements. 
For example, sensitivity of photo resist is shifted lot by lot which affect 
to a product dimension. Also, a tool thermal condition affects to the over lay 


accuracy. These parameters can't be controlled in-line actually. This 
feedback loop includes these elements like a black box. 


-l1 LOOP STABILIZE METHOD. 


Major problems of feedback system are loop stability and response which 
are a trade off relation. Quick response and none over-shoot character istic 
are required. In this case, a system should have stability first. It is 
realized by a moving average method. 

Feedback data is calculated by the moving average of the prior 5 lots 
results. One shoot deviated data is negligible on this system. Loop gain can 
be defined by user, which should be selected at stability stand. 


.2 DIMENSIONAL CONTROL. 
Photo resist line dimension is dependant on a exposure light intensity. 


A foraula below shows this relationship. High intensity light induces a 
narrow line and low intensity induces a wide line respectively. 
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So, Expose intensity E is defined as, 


E=E'+C * (D-T) 


E : New expose light intensity. 
E' : Prior expose light intensity. 
: Develop dimension result. 

> Develop target. 


a3 & 


: Loop gain (Photo resist sensitivity etc.) 


.3 OVERLAY CONTROL. 


Overlay has the following elements as, 

- Shift +: X,Y axis shift. 

- Mag : Level to level magnification deviation. 
- Skew ‘: X axis and Y axis angular deviation. 

- Rotate : Pattern rotation. 

- Distortion : Mask or Too] local pattern deviation. 


These elements are calculated by actual wafer overlay seasurements. And, 
it can be corrected by expose too! parameter as, 


P = P'-— F (d) 
P +: Overlay parameter. 
P’ : Prior overlay parameter. 
F(X): Calculate algorithm of each overlay element. 
d : Actual overlay measurement result. 


-O DATA FLOW 


Basic data is handled in SILICON network shown as Fig4. Raw data which is 
required for a optimum expose parameter calculation are gathered via In-line 
handy terminal. These raw data are sent to PHALCON processor via SILICON. A 
processor calculates expose parameters and send back the data to SILICON data 
base with index. If a operator requires expose parameters for a lot, process 
Indexs (mask and tool)are generated in SILICON automatically and data base is 
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4. 


searched. Searched data is displayed on In-line terminal. Ray data 
acquisition and expose parm display on in-line terminal are linked SILICON 
start/comp operation which is necessary in order to execute accurate a lot 


flow control. 
Corrected raw data via In-line terminal is sent not only PHALOCON processor 
but also HOST QMF data base. So, These data can be analysed by HOST computer 


syste. 









































HOST (QMF) 
i} Raw data. 
SILICON 
Expose parar. Expose parar. 
Raw data | { Raw data { ft 
In-line PHALCON 
Handy tersinal Processor 




















1 DATA HANDLING ON IN-LINE TERMINAL. 


In-line terminal has two gajor functions. One is a Expose para display and 
other is a data correction. This terminal has a intelligent function written 
by BASIC program. A SILICON sends operation parameters to the program which 
is depend on a required function. A program receives parameters and execute 
RUN (data display and data send to SILICON). 


-2 DATA HANDLING ON SILICON SYSTEM. 


One of main functions of SILICON is to gather data from In-line terminal and 
pass the data to PHALCON processor. Also, calculated expose parameters fros 
PHALCON are stored SILICON data base and distribute the data to In-line 
terminal if referred. A feed back loop channel is defined in SILICON saster 


routine which contains all production flow information. 
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5.0 RESULT. 


Fig.5 shows an actual example of dimsention contro! or line width contro] 
which generated by using this PHALCON system. “A” means an expose energy per 
lot and “B” denotes five lots moving average dimension in Fig.5. Expose 
energy has propotional relationship with dimension because of pattern space 
measurement. Fig.6 shows a long term trend as you see. A dimension is well 
controlled compared with the widely spreaded expose energy of a mask aligner. 
Fig.7 and Fig.8 show performances improved, dimension and over lay 
respectively. All data was obtained from the same mask and exposer as before 
the introduction of PHALCON or SPC (4). 

PHALCON reduced the rework ratio drastically, almost zero percent and wel! 
converged the photo process in a fact. 


6.0 CONCLUSION 


PHALCON or photo process SPC is mandatory not only for logic products but 
also for memory products because gate channe! length defines the function 
speed for both types of products. We have been applying this system to all 
products and all photo levels with fruitful results. PHALCON was a great 
milestone to realize the fully automated photo process syster or PHOTO 
CLUSTER. Then we have demonstrated the fol lowing. 

-8inch mass production PHOTO CLUSTER including a stepper linked to a HOST 

computer with CIM concept. 

-Photo process cycletime reduction (X5) from HMDS apply to resist 

develop compared to stand alone ‘ools. 

-Much clean room energy saving because of the closed environment hardware 

with the same stringent filter system as in wafer area. 

A joint reliability improvement activity or close communication between too! 
suppliers and users is highly required (5) to establish “non stop cluster 


system” in all areas. . 
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Fig,13 Yasu Semiconductor Manufacturing Support System 
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wafer Auto-transfer System for Practical Use 
(including Larger Wafer Diameter) 


Kiyomi Sato, Assistant Manager, 
System Engineer, Semiconductor Handling System 
of Tsubakimoto Chain Co. 


Introduction 

Tne B/B ratio of the Semiconductor Industrial Association (SIA) exceeded 
7.0 in December last year, and it continued to snow 1.06 in January this 
year, 1.05 in February, and 1.09 (estimated value) in March, indicating 
tne recovery of the semiconductor market. The leading semiconductor makers 
in Japan also nave taken a recovery tone in line with the above trend of 
B/B ratio. Receipts of orders on 1 mega bit DRAM have turned favorable. 

Such recovery of market is reflected by the recovery of demands for the 
persona! computers mainly of the lap-top type, and the market demands have 
been progressing for supply to the said field. It is reported that the 
market situation is changing into the similar environments in the world-wide 
markets without being limited to the U.S.A. 

In reflection of the statistical data on machines released by Ministry of 
International Trade and Industry, etc., the semiconductor production is 
believed to increase at the rate of 10~15% a year on the average even during 
1990's. In the midst of such bright market background, various manufacturing 
factories have shown increased needs for diversification of item kinds 
including ASIC. 

Diversification of item kinds has been enhanced not only for the ASIC of 
custom and semi-custom devices such as gate array, standard cel!, etc. Dut 
also for the group of products such as DRAM, SRAM, EPROM, etc. Furthermore, 
Gemands for automated transfer systems including the contamination contro] 
resulting from the design rule in sub-micron order and adoption of large 
diameter wafers, and practical use of highly automated transfer system | inked 
with CIM system have been noted with attention. 


Merit of automated transfer system 
2-1 Merit viewed from the device makers 
“Quality improvement 
cae In unmanned transfer, handling mistakes and damages decrease to 
make it possible to collect the QC information based on actual 
results; the real time processings of feed-forward and feed-back 
lead to quality improvement. 
Curtailment of lead time 
. By means of the real-time progress contro! by CPU linkage and the 
establishment of the time shortening algorism such as FI1/FO and 
the like, curtailment of the product lead time can be expected. 
"Others 
TS Through reviews of the existing work, promotion of standardization 
is realized. 
2-2 Merits viewed from the transfer system maker 
It iS possible to confirm in real time the present position (status of 
progress) of the lots in transfer and kept in process, thereby making 
1t possible to meet the diversification of process flows under the 
production contro). 
Wnile it is often commented that the simple transfer is not accompanied 


65 











with any added value, a good transfer system realizes the original merit 
of labor saving with great added values. 

Wnat is important in automation is in what manner the processing in the 
abnormal case is incorporated in the system. 

A certain rule is set up in the production information system as to the 
treatments not only for the case in normal operation but also for the 
case of the abnormality and return to normal operation, so that such 
rule is practically realized. 

Correctness or not of this rule setting decides the fate of the automated 
system. 


Flexibility in production in diversified item kinds in varied quantities 

In the future, no stabilized production can be expected without the 
introduction of FA. In scheming to improve productivity under the expansion 
of production scale, further diversification in item kinds become necessary, 
and even in considering the recipe conditions for making the production 
process for the respective devices optimum, a composite FA (automation) 
is essential. Irrespective of the preference, automated system must be 
targeted (Ref. Fig. 1). 

With respect to the automation in the small item kinds bulk production 
system, nearly a prospect for full automation has been obtained except the 
remaining task of standardization of mechanical interface with the 
manufacturing equipment. In the future, even the memories wil! have to 
be produced in diversified items, and additionally a wave of ASIC wil! grow 
up. In the midst of the situation, needs for FA of the production in 
diversified item kinds and varied quantities have been rising. What is 
most important in the automation of the production in diversified item kinds 
is the building up of an FA line having high flexibility. (Ref. Fig. 2) 

Let uS consider here about flexibility. By what the flexibility should 
be considered? Ihe items should differ by the standpoint, but here study 
has been made on an automated transfer system. 

-(1) Change in layout 

(2) Coordination with variation in amount 
Flexibility of automated of commodity 

transfer system (3) Change in operation of transfer system 
-(4) Interface to apparatus 

(5) Change in operation sequence and range 








Points resulting from enlargement in wafer diameter 

4-1 Occupation of space 

Automated transfer requires a space. Various spaces are required for 
automated transfer such as transfer channel, WIPS, transfer section for 
delivery to and from the manufacturing equipment, temporary storage of vacant 
cassettes, vacant boxes, and the like. Especially, according to the tendency 
for the wafer to be of larger diameter such as from 8 inches to 10 inches 
to 12 inches, the releative spaces require to be considered for planning. 
4-2 Increase in portable weight 

Further, the enlargement in diameter is accompanied with an increase in 
the portable weight of various transfer apparatuses. Taking for example 
the clean robots for inter-process transfer, WIPS, and in-process transfer, 
the weiont of the apparatus including the 6 inch PFA full wafer is about 
2 kg, but to meet the enlargement in diameter, proportional increases in 
portabie weight to 3.5 kg, 5.0 kg, etc. have to be considered. 

The increase in the portable weight is accompanied with more undesirable 











conditions of use for robots such as the steel material, speed, etc. 
Loosening of arms and shafts in a robot wil! be accumulated at the edge, 
so that the total synthetic stopping precision cannot be rendered so high, 
and the speed cannot be fully elevated. (Ref. Fig. 3) 

A great difficulty on the part of the transfer apparatus makers is to what 
extent they should set the range of use of the transfer apparatus. 


Conclusion - Ultimate automation 
In the trend of diversification of the recipes, process flows, etc. to cope 
with the automated systems in diversified item kinds, a high yield, high 
efficiency production must be based on the construction of an intelligent 
automation linked with a high leveled production control system. (Ref. 
Fig. 4) Also, now is the time when such system requirs to be realized. 

In order to perform production in sophisticated production style smoothly 
and in high efficiency, even the skilled art of human being has a certain 
limit. Accordingly, it is necessary to realize construction of a composite 
fully automated Integrated Automation system by Al-containing computer 
control. 

In any case, the contemplated system cannot be realized without the elastic, 
integrated coordination under the closely linked cooperation between the 
transfer system maker and the device maker. 
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FUTURE PROSPECTS 
FOR 
LIQUID CRYSTAL DISPLAY 


Isamu Washizu ka 
Sharp Corporation, Liquid Crystal Display Group 
Osaka, Japan 


1. LCD-The Final Revolution of the Century 


The 90s is an age whose advances in information and communication technology 
and in the evolution of the LCD has brought about enormous upheavals in daily, 
work, and industrial life. As we approach the 21st century, the tide of technology 
will undergo vast changes. The convenience, satisfaction, enrichment, and a 
worthwhile life amidst an abrupt increase in intellectual applications of information 
and a rapid expansion in information processing capabilities will be thoroughly 
qeaeney repens regarding the future of electronics technology are illustrated in 
1 below. 


In the first place, communication and computer data processing speed will increase. 
ISDN services, navigation systems, high-vision, and mobile communications will 
permeate every sphere of individual human life and also industry, rapidly advancing 
intellectual applications of real-time information. 


Secondly, integrating systems on chip for LSI devices and high-density integration 
of 256M DRAM will advance. The age of high-function palmtop computers, note 
work stations, and the digital TV will arrive. House robots will contribute 
substantially to the support of the elderly. Semiconductor devices will rapidly ex- 
pand information processing capabilities. 
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LCD technology, this century's final hardware frontier, is certain to exert 
considerable economic influence on the multi-faceted technological tide of the 90s. 


Chart 1 Electronics Technology Prospects 





Communications} * Mobile telephones * HDTV * Wideband ISDN 
Computers © Navigation systems ; 
* 10° color LCD ¢ Super-thin LCD * 40" color LCD * 70” color LCD 
* Front color projection LCD ¢ Light-amplified projection LCD 
Display * Rear color projection LCD ¢ Super-thin projection LCD 
* View finder LCD * EDTVLCD ¢ HDTV LCD 
* Low-power consumption LCD 
LSI Devices * 16M DRAM ~~ * 64M DRAM * 256M DRAM 
oon —--- = -System-on-chip integration 
¢ 32-bit MPU = * 64-bit MPU 























The LCD is a compilation of 20th century hardware technology as well as the 
technology of a new dimension with facets of software technology based on human 
sciences and sociology. The LCD is people-friendly. This beauty, this clarity, is a 
potent feature, concealing numerous possibilities for future developments. And, of 
course, the financial possibilities are immense. 


The evolution of the display from the vacuum CRT to the LCD has heralded a new 
era for information-related devices of input, processing, and output. The LCD is 
precisely the display essential to high-powered information companies of the 21st 
century. More and more attention is being given to the development of criteria for 
new machines whose configuration includes the LCD. 


2. Expansion Process and New Applications of the LCD 


The use of space and time to their utmost limits is the single-most essential 
movement of the 90s. This is represented in the economical use of space and in 
comfort. Each type of display has a specific use. (Chart 2) The vacuum CRT is as 
heavy and thick as it is large. The volumes of heat generated are tremendous. 


Looking at the history of the LCD in Chart 3, we can see that the LCD compensates 
for the defects of the CRT. It is, moreover, recognized as a flat screen display with 
the same performance abilities as the CRT, or, depending on the field in which it is 
to be used, even greater performance. 


First, the tenacity of technicians in 1973 aimed at preserving the longevity of the 
desk-top calculator business, and the applications of CMOS logic circuit technology 
supplied a low-power consumption which is a prominent feature of the LCD. This 
made possible a product model-a liquid crystal calculator of a low-power 
consumption system equipment. 


Second, the actualization of the dot matrix system in 1979 allowed for an increase in 


the capacity of displays and the display area. In 1986, the STN improved contrast by 
leaps and bounds. In 1987, the DSTN LCD greatly increased the degree of perfection 
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of the dot matrix system in a single stroke. The monochrome display had an 
enormous impact. Owing to the STN system, the economical use of space became 
rooted in the laptop and note computer market. 


Third, in 1987, the light-weight 3" active matrix system color liquid crystal TV and 
thinning corroborated possibilities for new applications. 


Fourth, in 1988, the 14" TFT LCD approached the realization of the direct-viewing 
large-scale display, high screen quality, and the large-scale wall TV. 


Fifth, in 1988, the color liquid crystal projection TV made the 100" large-scale 
display image a reality. 


The 110" high-vision color liquid crystal projection display exhibited in a 1989 
electronics show offered high practicality in both quality and size. 


The high screen quality and high-grade image of the LCD, no less than the CRT, 
had an enormous impact on the business world. (Refer to Supplementary Material 
1.) 


Chart 2 Applicable Uses of Each Display 









































Full | Large- Power Con Thick- Weight Main Use 
Color] ness | sumption | ness 
TFT-LCD S S S 8 S AV, OA, auto interior, AV projector 
STN-LCD | SC SC S S S OA, production equipment, note computer 
PDP SC SC SC S S OA, FA, indoor displays 
EL N SC SC S S OA, FA, auto interior, indoor displays 
VFD SC N SC SC SC_ | AV, appliances, indoors 
LED N S N SC SC | AV, appliances, auto interior, indoor/outd- 
dor displays 
CRT S S SC N N AV, OA 
FLAT CRT; S N SC SC N AV, auto interior 
S - Superior 


SC - Strict correspondence possible 
N - Non-correspondence 
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Chart 3 Hisiory of the LCD 





Division} Year Event 

Birth | 1888 | Discovery by Australian botanist, Reinitzer 
Use 1968 | Use of RCA display 

73 | Electronic desk calculator (segment display) 

75 | Watch 

79 | Games (dots) 

Utilility| 82 | Measurement 

84 | Auto Interior 

86 | Word processer * PC (STN) 

87 | Pocket TV (active matrix) 

88 | Laptop computer 





























89 | Note computer, color projector 





AV and OA will combine in the 90s and new market creations will progress with 
increasing speed. Representative fields which form the largest markets are as 
follows. 


1) the intelligent terminal centered around OA equipment 

2) the rear and front projection TV corresponding to ED and HD made very light- 
weight by the LCD 

3) a new field called “hyper information home electronics" in which both digital and 
analog technology are united 

4) light-amplified LCD projection system enabling fineness, brightness and large- 
scale displays 


A display which appeals to human sensitivity is a major point in determining 
market trends. 


3. Future Tasks of LCD Technology 


As new applications advance, the values and required compensations of displays for 
each use largely differ. Further, in order to expand the market, we are aiming to 
simultaneously advance a thorough investigation of cost performance, i.e., the 
actualization of costs which can be applied to public machines, and the color 
technology, fineness, and largeness required to make displays "more beautiful”, 
"easier to see", and “easier to use”. 


Owing to the establishment of GTC (Giant Electronics Technology Corporation) by 
joint investment by the Japanese Government and 17 liquid crystal-related 
manufacturers, advances are being made in the development of element technology 
for super-large liquid crystals and large area circuit elements. A monumental 
breakthrough in the LCD is also necessary. This project is expected to substantially 
contribute to the development of the LCD industry. 


The LCD manufacturing process can be classified into 2 systems: the simple dot 
matrix system and the active matrix system. Present technology and future tasks 
will be explained. 
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3-1 Simple Dot Matrix System 


Yield-up technology has been stabilizing at a high level. The expansion of in-line - 
processing is a key point in the large panel of in-line system panel lamination 
technology with optical high-quality alignment functions and of film deposition 
technology, orientation technology, and metal wiring technology. Chart 4 estimates 
the progress of technology in terms of performance. 


Chart 4 Simple Matrix-LCD Technological Progress 























Year 1985 10] eT) 
Technology 
Response time (ms) 350 70 50 
Definition 640x480] 1024x768 | 1024x102 
Contrast 10:1 20:1 80:1 
Color 8 512 1024 
Panel thickness (mm) 48 2.8 2.0 
Weight 360 180 115 




















3-2 Active Matrix System 


The basic manufacturing process involves a cycle of cleaning, thin film formation, 
photo lithography, and etching from six (6) to eight (8) times. Compared to six or 
seven years ago when the manufacturing processes were in their infancy, the 
processes of today, in addition to producing a wider variety of products, are much 
more reliable. Manufacturing equipment has made rapid progress and an Si-TFT 
color LCD manufacturing process has become very dependable. The major topics of 
each manufacturing process are outlined below: 


1) Cleaning 

The cleaning process is one of the most important processes. The LCD process 
begins and ends with cleaning. The cleaning process requires manufacturing 
equipment which produces no dust or other contamination. If the equipment 
produces any dust, an additional process is required to remove the dust particles. 
Recently, high pressure cleaning systems which arr capable of removing dust 
particles of 1p or more have been developed. Also, a cleaning system which utilizes a 
large flat “shower head” has also been developed. 


2) Thin film formation (Sputtering equipment and CVD equipment) 

The problem encountered with thing film formation equipment is achieving smooth 
throughput, dust control, and maintaining uniform thickness. At present, we are 
performing throughput processing with multiple sheets; however, it is not yet fully 
automated. When the process is fully automatic, the problem of dust contamination 
will be lessened considerably. The design of dust free equipment with a self cleaning 
system is under development. The problem with making a large-scale LCD is the 
development of a low resistance gate and source electrode material. 


3) Photo lithography 

High precision and throughput exposure equipment is required. During 
development of high resolution LCDs and large screens, stepper and mirror 
projection systems are becoming the norm. In order to make larger screens, larger 
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exposure areas are beginning to be utilized. 


4) Etching 

In response to high resolution, a dry treatment system has been developed in 
addition to the wet system. The dry system, wet system, or both are used dependin 
on the type of film being processed. Compared to the wet treatment, the dry . 
treatment is slow, and needs to improve its throughput. 


Chart 5 Active Matrix Color LCD Technology Progress 



































‘Year, Field 1989 1990 1991 
Technology AV OA | AV OA AV OA 
Number of pixels 
(10,000) * RGB units |.9 to 15 | to 25/33 to 43/76 to92| 60 240 
Pixel density (mm?) 33 9 | 90 28 | 400 | 160 
Resolution (mm) 6 3 11 y 20 13 
Heat resistance 0 to 50 -10 to 70 -30 to 85 
Max. contrast ratio 100:1 














3-3 Assemble Technology 


The COF (Chip On Film) manufacturing technology has been limited to applications 
for small, high resolution LCDs such as view finders and projection TVs. Therefore, 
Chip On Glass (COG) manufacturing process is under development. 


3-4 Monolithic LCD 


In order to deal with high resolution, there has been active development in 
miniaturizing the pixel drive by polycrystal Si and the driver’s monolithic LCD 
technology. Targeting process development leading to low-temperature processing, 
the establishment of new manufacturing lines which unite large-scale integrated 
circuits (LSI) and the mass production technology of CCD are under planning. 


4. LCDs in the 21st Century 


With the increased amount and diversified information available, coupled with 
global, large-capacity information exchanges, the ability to handle and utilize this 
information must also increase. The function of intelligent interfaces between 
humans and information systems is to play an ever larger role in our lives. The 
effect of expanding LCDs socially is not only for its economic benefits, but is also 
very important for space utilization, especially in Japan. In addition, sub-conscious 
laptop utilization has far reaching effects on the whole electronic industry. 


The technical progress of the LCD continues. The economical impact that liquid 
crystal will bring to the future is estimated to be 1,000 billion to 1,300 billion yen in 
1995. LCDs will have the following positive imfluence on our lives: 


1) At home, you will hang audio visual equipment on the wall, just like you now 


hang your favorite picture. Of course, the picture is of high quality and its size can 
surpass 100” wide in larger rooms. 


76 











2) Outdoors, everyone will carry a super-small processing unit that will be able to 
communicate with mainframe computers, as well as perform normal data 
processing. The display is on a super-thin, color LCD. Data processing and 
communication will be achieved in the office and on the road, thereby rendering 
business paperless. Business bases will be expanded from the office to homes, 
outdoors or just about anywhere. 


3) LCD navigation systems will be available in millions of cars providing the driver 
with instant access to maps, travel routes, times, distances, etc. In the rear seat, an 
LCD television will be available for catching the evening news or picking up a 
variety of broadcasts. In the front seat, we can get information about a parking area 
such as the number of open stalls, parking fees, and business hours. Seat vision (a 
personal monitor) in the Shinkansen (Bullet Train) and aircraft are at the forefront 
of LCD use in transportation. 


4) There will be many LCD high definition galleries at public facilities. Applications 
for LCD miracle screens include effective space utilization by replacing physical 
displays in boutiques. Advertisements in trains, on billboards, and on walls will be 
replaced by super-thin LCD picture advertisement boards. Effective utilization of 
public space will increase dramatically in the future. 


LCDs must become more cost effective to be fully utilized. For instance, the demand 
for computer equipment, including laptops, is estimated to be 60 million units in 
1995. Of these, it is estimated 60% will have LCD monitors. (Active matrix color 
LCD - 13 million, simple matrix color LCD - 10 million, simple matrix monochrome 
LCD - 13 million). The average unit price for each will be ¥50,000, ¥30,000 and 
¥10,000 respectively. This represents 1,000 billion yen for the computer market 
alone. Therefore, developing and marketing low cost LCDs will increase the 
demand. The main tactics being used to decrease the price are the development of 
better manufacturing techniques, new materials, and new operating systems. 


The capacity of next-generation LCDs is bright because memory type LCDs, 
especially strong dielectric constant LCDs which have special properties like high- 
speed response efficiency and wide vision range efficiency, are making great 
improvements. However, these LCDs have not yet had all the technical problems 
such as compatibility, matrix display ability, and dependability solved. When these 
problems are worked out, LCDs will be capable of providing DTP display which 
requires high resolution and the ability to display numerous images at one time. 


Technical developments of LCDs have been achieved through long term studies. 
This work has brought them into practical use, and has seen the development of 
color, high resolution and large displays increasing steadily. LCDs will come of age 
in the 90’s and the scale of the LCD market is estimated to surpass the scale of the 
CRT. The international LCD industry has been dominated by Japan. However, 
when considering the importance of LCD, we must also consider its development 
through increased international cooperation. We are convinced that we wili contrib- 
ute significantly to the high tech information society of the 21st century by promot- 


ing the creation of new markets, the pursuit of cost effective production, and ad- 
vanced technical developments. 


77 





A, magn exeguon, vom@y 211 eke eran 00: 











Hi 

i | 

[+ | 
offalil ) 



































| 
| 
C 















































78 






























































Sethe areg esen MiSs MASL mee Bry NSO sommep matt Aoiep ana SE toy eee 
cnn em aneute Goanemnmpontt 2.0000, 4 ~ ad ——— 

ROD gr wD a ES oe AL 
NG See cay yw PTC || pvemreademy | pverwedemy | oo j= | suvsueaseen || cums ew | Secon | maemo es es 






































es Oe eee ee ee ee ee ee ee Lom [= 7, = [| 
UONedWOd JONPoJg pue yUewdojeAeg G57 b 1eyeeW Ae;ueweddns 
















































































































































































































































































it 
G97 ey) JO pwoM Bulpuedxy Zz jeaj;ey Asejuawajddns 














Saturday, June 23, 1990 
9:30-10:00 


Large Screen Projection TV Using LC Light Valve 


Masahiro Kosaka, Matsushita Electric Industrial Co., Ltd. 
Moriguchi, Japan 


i in 7 4 h SUT % FAT, AMmh@7OV sev avVTIV VATA 







\i ee 
“EERE RA 
REBT -F 4 ATUTHRHE 





LARGE-SCREEN PROJECTION TV SYSTEM 
USING LIQUID CRYSTAL LIGHT VALVES 


Masahiro Kosaka 
Display Technology Research Laboratory 
Audio Video Research Center 
Matsushita Electric Industrial Co., Ltd. 


1. Introduction 

As a result of R & D of display devices as man- 
machine interfaces, some displays have been put into 
practical use, typical examples being TV and the desk-top 
calculator displays now so common in daily life. Generally, 
displays are classified into TV and information displays 
according to the type of information conveyed. Given the 
recent tendency toward the merging of AV and other 
information, however, such classification is losing their 
Original meaning. Take teletext broadcasting and CAPTAIN 
systems for instance: in the these, TV screens display 
character information. On the contrary, computer consoles 
display color moving picture. 

Under such circumstances the significance of the 
display as a man-machine interface has been increasing 
Steadily. The higher the quality of information, the 
more precise the information to be transmitted and the 
more sophisticated the information to be processed by 
computers, the more important becomes the interface with 
man, the information recipient. 

For TV in this new visual era, as represented by 
Clear-vision and High-vision TV, the high-performance 
display is fulfilling an essential role. 


Furthermore, it is only with specially powerful 
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displays, furnished with color gray scale and high 
resolution, that information processing equipment with 
highly sophisticated processing capacity, as represented 
by recent EWS and super computers, can be fully and 
freely utilized by humans. 

This paper reports on the operating principles of 
and future problems with regard to the large-screen 
projection display using liquid crystal light valves, 


promising future high-performance display devices. 


2. Types of Projection TV 

The projection TVs in which TV signals are projected 
onto a large screen are classified into two types: 1) 
emissive type, which projects images of a high-brightness 
cathode-ray tube using a lens system; and 2) light-valve 
type, which modulates the strength of a light source such 
as the xenon lamp, using light modulation elements, and 
projects images using a lens system. The emissive type 
has been expanding its market in the field of household 
large TVs in recent years, as well as in industrial use. 

This type, however, has certain limitations with 
regard to the amount of output light flux, even given the 
full efficiency of light use in the optical system, thus 
making it difficult to apply to TV projection onto a 
large screen in big theaters. 

In contrast, the light valve type is capable of 
generating strong output light flux according to its 
operating principle, which permits use of a light source 
of large light output. Examples of light valves include 
Eidphore and Talaria, using oil film deformation, used as 
an industrial extra-large screen TV. Conventionally, 


however, it has not been simple to use light valve products 
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for home appliances because of size, weight, price and 
handling problems. 

The active matrix liquid crystal TV system is 
vigorously commerciallized in pocket TVs. Great attention 
is thus being focused on the liquid crystal projection TV 


using the LCD panel of this system as the light valve. 


Liquid Crystal Light Valve Projection TV 

In the projection TV using the liquid crystal display 
(LCD), substantial size and weight reduction is accomplished, 
in comparison with conventional TV receivers, as shown in 
Fig. 1. With future advancement in ED-TV and HD-TVs will 
come even greater demand for large-screen TVs, thus 
increasing the importance of yet smaller size and lighter 
weight. In Fig. 1, comparison was made with regard to a 
rear projection large screen, wherein projection is from 
the rear side of the screen, since there is a high likeli- 
hood that this method will become a major component of 
household large-screen TV models in the near future. 

Another option for a large screen is the front 
projection method, projecting images from the front side 
of the screen. In this method, however, it is difficult 
to obtain a favorable image unless the room is substantially 
darkened; thus the method is considered to be inappropriate 
for home appiiances. In contrast, the rear projection 
type, being substantially free from interference by external 
light, boasts great superiority in its applicability, 


as do conventional TV receivers. 


4. LCD Ty Image Quality 


The use of LCD panels as light valves permits the 














relatively simple development of large-screen TVs. In 
addition, there is the possibility of achieving character- 
istics superior to those of the conventional CRT, in 

terms of image quality. This is because emission and 
modulation functions can be selectively separated, for 

the most appropriate purpose of use (Fig. 2); i.e., the 
light source performs emission only, totally free from 
image generation, while the LCD concentrates of spatial 
light modulation, without concern as to emission efficiency 
and spectrum. In the conventional CRT, however, there is 
the problem that the most appropriate fluorescent material 
for all aspects of emission strength, efficiency and 
spectrum must be identified. 

As shown in Fig. 3 the chromaticity chart of the 
liguid crystal TV, now in commercial use using LCD light 
valves, is broader than CRT, so capable of virtually 
completely reproducing NTSC TV signals. 

As for screen brightness, resolutions advance in the 
future will diminish the electron beam penetration rate 
in CRT using the shadow mask, which makes it more difficult 
to accomplish higher brightness. In the LCD light valve 
method the light source can be made sufficiently bright, 
thus removing such limitation, permitting the development 


of bright-screen TVs. 


5. LCD Light Valve 

LCD light valves used for projection TVs consist of 
two types: 1) active matrix and 2) simple matrix. Although 
the latter is actually used in computer displays requiring 
high resolution, primary consideration is given to the 
active matrix method for TV images, which is superior 


in color reproducibility and gray scale performance. 


84 











In this method, thin-film transistors (TFT) and the like 
non-linear elements are formed into respective pixels and 
liquid crystal is statically driven, yielding high- 
performance light valves. 

TFT's as non-linear elements used for TV display are 


generally classified into two types, amorphous silicon 


(a-Si) and poly-silicon (p-Si) transistors, whose features 


are as listed in Table l. 

These elements are important for the development of 
high quality TVs since color reproducibility varies with 
the modes of liquid crystal. These indication modes are 
of two types, negative (normally black) and positive 


(normally white), whose features are as shown in Table 2. 


6. Future Problems with the LCD Projection TV 
The LCD projection TV thus anticipated as the high- 
quality large-screen TV must clear many hurdles before 


full commercialization, as described below. 


6-1 Light and heat resistances 
Exposed to a strong light source, LCD light valves 
must withstand more severe operating conditions than the 


ordinary LCD. 


6-2 Color reproducibility 
The ideal combination must be determined as to 
liquid crystal indication mode, color filter, type of 


light source and drive circuit, for high-quality imaging. 


6-3 Compactness and cost reduction 
Size reduction of LCD light valves will lead to 


smaller optical systems, contributing to the overall 








compactness and lightness of the TV set. It is also 
important to reduce fabrication costs using the COG (Chip 


on glass) process. 
I am certain that resolution of these problems will 


foster significant development in LCD projection TV. 
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a-Si TFT : p-Si TFT 
Subst rate Hard glass ‘ Quartz or Hard grass 
(Low cost) ‘ (High cost) 
Display size Large : Saall 
Built-in driver Difficult : Possible 
Drive circuit assembly High cost : Low cost 
Fabrication process Short ‘ Long 
(Simple) : (Complex) 














Table 1 Comparison of TFT types 





T 


Parallel Polarizers: Crossed Polarizers 
(Normally Black) : (Normally White) 





Driving voltage Low : High 
Contrast ratio Low ‘High 
Aperture ratio High : Low 
Viewing angle Wide ' Narrow 
Dispersion High : Low 














Table 2 Comparison of TN-L.C.display sodes 
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LCD MODULE FOR BUSINESS MACHINE 


SAKAE ARAI 
SOLIDSTATE DEVICE 3RD ENG. DEPT. 
TOSHIBA CORPORATION 
HORIKAWA, SAIWAIKU, KAWASAKI, JAPAN 


Introduction 


The role of flat panel display, which serve as gwan-sachine interfaces, is becoming pore 
important these days and its application is rapidly expanding to the various products. 

LCD sodule apong al! flat pane! displays is comping into wide use due to its distinguished 
advantage of slis, light weight and low power consumption. Especially for laptop comput- 
ers, word processors, facsimiles, electronic typewriters, telephone sets and POS terminals 
LCD module is one of the post igportant key components. Applications of the LCD sodule, 


typical LCD podules and its market for the business machine are described here. 


Typical LCD modules for business machine 


Typical LCD sodules actually used in various office equipument today are classified to 

(1). Simple matrix TN LCD module 

(2). Simple matrix ST LCD godule 

(3). Simple gwatrix black and white ST LCD sodule 

(4). Active matrix LCD sodule (Shown in Table 1. ) 
(1). Sisple matrix TN (Twisted Nematic) and ST (Super Twisted Nematic) LCD sodule 
Fig.] shows the construction of TN and ST LCD panels. Basic structure for both gode are 
the sage, but rotation of the LC (Liquid Crystal) solecule and gap between two glasses are 
different. The TN LCD pane! case, the rotation of the LC solecule and gap between two 
glasses are only 90 degree and 9-]2 sm respectively. Since standard glass is used for the 
TN LCD pane! and gap tolerance is not quite strict (+] sm), manufacturing and asseably 
process is relatively easy and this gives us gost inexpensive LCD gpodules. About 100 
pixels for the vertical direction is the limitation of the TN LCD module due to its low 
contrast and narrow viewing angle. When sore than 100 pixels in vertical direction is 
required, high contrast ST LCD module is generally used. The ST LCD pane! case, gap bet 
ween two glasses is narrower than the TN LCD pane! and set at 6-7 sm. Gap tolerance for 
the ST LCD is + 0.1 gm which is 1/10 of that for the TN LCD. Polished glass and more prec 
ise components and process are used for sanufacturing the ST LCD to keep above tolerance, 


therefore wanufacturing cost of the ST LCD is a little sore than the TN LCD. Vith regard 
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to the dis-play color, the TN LCD has black on gray backgroud and the ST LCp using optica] 
interference has three different modes 
(1). Y-ST (Yellow mode ST); black on yellowish green backgroud 
(2).B-ST (Blue mode ST) usually used with EL (Electro Luminescence) or CCFL 
(Cold Cathode Fluorescent Lamp) backlight; blue on gray backgroud 
(3). ¥-ST (White mode ST) using colored polarizer; blue on pale greenish gray backgroud 
Fig.2 shows the contrast vs viewing angle data of the TN and ST LCDs driven at 1/j09 duty 
multiplexing. Though contrast peak value of the TN and ST LCDs are similar (3.5-4.0), con 
trast at 0 degree (perpendicular to the panel) and viewing angle of the ST LCD is higher 
and wider than those of the TN LCD. Fig.3 shows the example of 640x400 dot B-ST LCD sodule 
with EL back lighting. 
(2). Simple matrix &-ST (Wonochrome/Black and White ST) LCD sodule 
In order to get the achromatic color on the screen, retardation pane! or film is provided 
on the ST LCD. Fig. 4 shows the cross section view of film type M-ST LCD sodule with CCFL 
back ligthing. Retardation film is inserted between front polarizer and front glass. 
Construction of the M-ST is similar to the ST LCD, but tolerance of gap between tvo 
glasses are extemely strict and controled within the range of 1/10 light wave length 
(t0.03 sa). The M-ST LCD is manufactured in the strictly controled production line fros 
the gateriels and components to the final process. 1/480 duty gultiplexing LCD has been 
developed, and LCD gsodule with 768-900 pixels in vertical direction is available on the 
market. Fig.5 shows the example of 640x480 dot &-ST LCD with CCFL back lighting. Display 
quality of the &-ST LCD sodule is alwost equal to CRT and especially contrast of the &-ST 
LCD sodule is high enough (14:1) for practical use. Utilizing this high contrast W-ST and 
RGB color filter, simple satrix color LCD is commercialized for personal computers. Fig. 6 
shows the example of 640x480 simple matrix M-ST color LCD sodule. 
(3). Active matrix LCD aodule 
Active gatrix LCD godule case, each pixel has its own switching element (two ports or 
three ports) for the static drive and less than 50 as response and wide viewing angle are 
obtained, Theoretically there is no limitation of the number of the pixels in vertical 
direction. Fig. 8 shows the example of TFT (Thin Fils Transistor) LCD module. Active matrix 
LOD is sost promising LCD for the future products and sarket of the active satrix LCD is 
reported 10 million sets in 1995. Improvement of the production process, yield and cost 
reduction of the LCD driver and assembly are the key factor of the success in sass produc= 


tion of the active sat-rix LCD sodule. 


91 














Business Machine Market and LCD module’’ 


Penetrarion of the business sachines into various fields is remarkable in recent years. 
Especially word processors, laptop PCs, facsimiles, telephone sets, copying sachines and 
POS terginals are indispensable products for the office work and even for persona! |ife. 
Table 2 shows the typica! business sachines and their sarket. Big market growth are expec 
ted for the all equipment except typewriter. Role of the display is sore isportant for any 
business wpachine, and LCD sodule is widely used as the best fit display for the equipment 
which requires sligs and light weight and low power consumption. Typica! business sachines 
and their gsarket and LCD sodules used for the business machines are presented beiov. 

(1). Laptop PC 

Warket (more than 2.5 sillion set now) of the laptop PC is expanding year by year, and 
10 wsillion set wsarket is forcasted by 1995. At the biginning of laptop PC in 1980s, 640x 
200 dot reflective pode TN LCD sodule was used. As the display quality psainly contrast of 
the TN LCD was not wel! satisfied in the market, the TN LCD was replaced by the ST LCD 
when the ST LCD was commercially available. Fig.9 shows appearance of laptop PC with 640x 
200 dot ¥-ST LCD godule. Laptop PC started with & bit CPU and CGA screen usually 640x200 
dot display is now equiped 16/32 bit CPU and EGA/VGA screen (640x400 or 640x480 dot disp! 
ay). EL or CCFL backlit LCD gsodule is getting popular because of its brighter display and 
greater legibility under various circumstances. Fig. 10 shows the appearance of the laptop 
PC with 640x400 dot EL backlit B-ST LCD module. Black and white &-ST whose display quality 
is equa! to CRT is replacing the plaswa display pane) equiped in the high end laptop PCs. 
Improvesent of the display quality and development of new LCD controller enable the LCD 
nodule to display 8 to 32 gray scale for VGA/EGA color software, and LCD module with gray 
scale capability expands its application to the PC. Though requirement of backlit LCD 
sodule is increasing, reflective LCD podule using TAB (Tape Automated Bonding) LSI is rec 
onsidered for the compact and battery power products due to less power consumption (power 
consustion for the backlit LCD is 3-6 ¥ for ponochrome and 15-30 ¥ for color) and slim and 
light weight. 

LCD module is being developed with TAB (tape automated bonding) LCD drivers 

Laptop PC with simple matrix color LCD was announced last year and new generation of PC 
"ith color LCD started. And LCD sanufacturers are concentrating their development work on 
the sass production of active gatrix (TFT) LCD sodule, so within a year or two PC with the 
active gatrix color LCD sodule will be on the market, Display quality of the active matrix 
color LCD godule is of course superior to siaple satrix LCD but sanufacturing cost of it 
iS Bore exspensive, so application of active matrix and simple matrix LCD wil! be decided 


by the systes requirements and cost. 
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(2). Japanese Word Processor 

Warket for the Japanese word processor with LCD sodule is 2.5-3 sillion set per year 
which is sisiler to laptop PC market size. Percentage of middle and high end gode! (range 
of retail price is sore than ¥100K) is increasing, and LCD module installed in these 
pode!s are being changed fro medius size such as 640x200 dot reflective LCD sodule to 
large size 640x400 dot CCFL B-ST or UST LCD module. Fig.11 shows the example of Japanese 
word processor with 640x400 dot CCFL backlit &-ST LCD module. Hereafter, sore slis and 
light weight and high resolution pode! will be developed. 

(3). Facsimile, Telephone, PABX etc. 

Accusulated nusber of facsimile installation in Japan reached 3 sillion sets in |988. 
Facsigile is now indispensable office equipment as well as telephone set for easier way of 
communication not only at office but also at howe. As facsimile and telephone set are 
price competitive products in the market, compactness and low cost is severely requested 
to the LCD wodule. Fig. 12 and |3 show the appearance of telephone set and facsisgile sith 
16x1 charactor LCD nodule. Recently composite function has been added to these products, 
and LCD module with larger size screen such as 40x]. 40x2 character LCD sodule are equiped 
in the new facsigile and telephone se’. Although 640x128 or 640x200 dot class )cD souules 
are used for PABK because of limitation of the system size, hereafter larger size 640x400 
dot LCD sodule wil! be installed in the PABX like PC and word processor. 

(4). POS Terminal, Copying Machine, Typewriter 
Since POS termina! was introduced in the Japan sarket, it beccaes widespread to stores, 
super garkets, specialized stores and chain stores. At present sainly sgal! size LCD 
gsodule such as |6x4, 20x4 character LCD sodules are relatively popular for POS terminals 
because it is a handy type products and size should be ligited to palg top use. 

In order to reply the request for sore informations on the screen, 240x64, 240x128 dot LCD 
sodules are getting popular. |6xl, 16x2 character LCD sodules are used for the low end 
copying sachine but for the high end sode! sedius size custom sade LCD sodule are used for 
displaying the explanation of how to use or how to operate when system gets in trouble. 
As sufficient power is available in the copying sachine, sedius size CCFL backlit LCD 
gsodule wil! be installed in the sachine in the future. Though sarket size of typewriter 
in Japan is not so big because Japanese word processor is sore popular for personal use, 
still there are substantia! market for uve: sea countries and 2.83 sillion sets were prod 
uced in 1988 by Japanese sanufacutures. 80x! character LCD godule is used for low end 
sodei and 80x16 character LCD aodule is used for high end godel. Fig. 14 shows the exas 
ple of typewriter with 960x128 dot EL backlit B-ST LCD module. 640x200, 640x400 dot LCD 


gsodule will be equiped in the future mode! as wel! as laptop PC and word processors. 
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Custoger s requests to the display is always better legibility. According to the evaluat 


4 


ion results of the optical] characteristics of the LCD for human factor brightness 
of the screen is sore ipportart than the contrast for the reflective LCD module. It is 
neccessary to consider the human factor for the development of the LCD module especially 


for the improvement of the optical! peformance. 


Conclusion 


Application of the LCD module for the typical] business machines are described. LCD module 


has already established its second position in the display (next from CRT). LCD is most 
promising display and component for the diverging business machine market (touch panel, 
palm top PC, electronic filing system ::+:), and persistent improvement of slim and light 
veight, low power consumption, high speed response, high contrast and wider viewing angle 
which are requested strongly by the user will be carried out supported by the component 
and material development such as liquid crystal material, polarizer etc and improvement of 
the process, sounting and assemble technology of the components and backlight unit for the 


LCD aodule. 
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TABLE 1. VARIOUS MODES OF LCP MODULE FOR BUSINESS MACHINE. 


SIMPLE MATRIX + 


ACTIVE MATRIX 
LCD MODULE 


TNH (TWISTED NEMATIC) MODE 
ST (SUPER TWISTED NEMATIC) MODE 
N-ST (HONOCHROME-ST) MODE 


TFT (THIN FILM TRANSISTER) MODE 
DIODE MODE (BX. NIM) 


+ 


TABLE 2. MARKET AND MARKET GROWTH OF VARIOUS OA EQUIPMENT. 





EQUIPMENT PRODUCTION (AMOUNT: BILLION YEN, GROWTH: %) 













1988 1989 1994 1999 
PERSONAL COMP. 833 (15%) 968(16%)  1560(10%) 2290 (8. 0%) 
FACSIMILE 555 (21%) 607(9.5%) 79705. 6%) 970 (4. 0%) 













COPYING MACHINE 482(5. 4%) 504(4.5%) 594(3. 3%) 722 (4. 0%) 














WORD PROCESSOR 215(12%) 265 (23%) 360 (6. 3%) 460(5. 0%) 












CALCULATOR 96 (30%) 120 (25%) 204 (11%) 295(7. 7%) 



















POS / ECR 95 (Al. 7%) 98(3.3%) 11303. 0%) 131(3. 0%) 












TYPEWRITER 56 (414%) 45 (420%) 35 (45. 0%) 24 (A7. 0%) 













MICRO GRAPHICS 17(20%) 19(10%) 24(5. 0%) 30(5. 0%) 

















NOTE: A MARK IS MINUS GROWTH 
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FIG. 1 CONSTRUCTION OF TN AND ST LCD PANEL 
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FIG. 7 CIRCUIT CONSTRUCTION OF TFT LCD PANEL 
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LARGE DISPLAY-SIZE TFT/LCD 
TECHNOLOGY 


Toshi H. Tsukada 
Central Research Laboracory 
Hitachi, Ltd., Tokyo, Japan 


1. Introduction 

From early ‘80 to late ‘80, there has been a great pogress in 
TFT/LCD technology. Speed of R&D was so fast that the panel size has 
become larger by ten times and the number of pixels increased by two 
orders of magnitude. The product of diagonal size and pixel number as 
large as 10 Mpixel-Inch has been attained in recently developed TFI/LCD 
panels (Fig.l). During this period, there has been no big change in the 
TFT/LCD panel configuration. As is shown in Fig.2, the switching array is 
made of a-Si TFT(Thin Film Transistor), the storage capacitor (or added 
Capacitor) is connected in parallel with the liquid crystal cell. Liquid 
crystal is a normally white mode twisted nematic liquid crystal. 


2. Screen-size trend 

Screen size of TFT/LCD depends upon such factors like the size of 
the facility, the design of the panel, the process technology, and the 
product concepts. TFI/LCD has something to do with the semiconductor 
industry in that it depends very much on the facility of the fabrication or 
the production line. In semiconductor industry, however, the memory 
capacity of DRAM's increases by four times every three years. In display 
industry, the pixel number coresponds tothe memory capacity of DRAM's. 
The pixel number started from several tens of thousand and is now 
approaching to one million. For the time being, this level or next level (~ 
4Mpixels) will be enough for the pixel capacity. Even for HDTV and for 
high resolution displays for work stations, pixel capacity will be ~4Mpixels 
orless than this. The display size will not be larger than 20 inches in the 








nearfuture. This is due to the aligner span size is limited to this value. 
[tis an interesting question whether the TFT/LCD panels of whict 
diagonal sizes are larger than 20 inches are mass-produced in this century. 


The time span of the aligner develoment, the sample fabrication and then 
mass production, will take several years at least. For example, the time lag 
from the sample fabrication to mass production is 4-5 years at present. 
However, since the speed of technology development is so fast, we may be 
able to have flat panel TV's larger than 20" hung on the wall, at the 
turning point of the century. 

The panels size of the mass produced display will be greatly 
influenced by the progress of the projection display. The TFT/LCD 
projection display have achieved the size of several tens of inches and up 
to 100 inches, while the direct view display size will be somewhat limited 
to around 20". Therefore, there may be a gap in the diagonal size between 
the direct view and projection display. The application of the direct-view 
display can be bothin the consumer uSe and inthe business use. However, 
the business use will be the first to come from the cost consideration. One 
possible target from this point is to clear the display size coresponding to 
A-4 size paper. The diagonal size of A-4 paper is 14.3 inches. Then, for 
the time being, the display size will be limited to this size or maybe 
somewhat less thanthis. Onthe other hand, the pixel numberisnowona 
level of 400x640~480x640, and soon the level of 768x1024 or 780x1120 
will be covered. The total pixel number is 786 kpixel to 2.62 Mpixel. 

As was stated above, the bottleneck of the production line of larger 
panels is the aligner. The other facilities like CVD system, sputtering 
system, etching machine, and spin-coater are nota limiting factor to realize 
large display size. 


3. Technical issues towards larger panels 

In designing the larger panel and the high-resolution panel, the 
delay time of the address line can be a critical problem. The effect of the 
data address line on the delay time is relatively small. The process step of 
the drain address line is on the final stage of the TFT panel process. 
Therefore, the choice of the metal and its thickness is relatively free from 
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restriction and the time constant of the dclay can be made small. On the 
other hand, the process step of the gate address line is on the initial stage 
of the panel process. Then, there is some limitation in choosing a metal 
and its thickness. 

So far, the metals like Cr’’, Ta’, Mo-Ta’’, Ta-Cu-Ta*’, have been 
investigated as materials to form gate address line. As shown in Table 1, 
the resistivity of these metals is relatively high. They may beused in the 
panels of which the diagonal sizes are less than 10 inches. However, in the 
larger (>10") panels or high-resolution display panels, the low-resistivity 
metal is necessary toreduce the gate line delay. One way forthis purpose 
is the use of Al metal along with such metals like Cr and Ta. Another 
possible solution is the use of low-resistivity metal as a gate electrode as 
wellasa gate bus line. 

Selection of low-resisitivity metal is limited to Al and Cu. 
Although gold is another candidate, it is not cost competitive, and is not 
adequate for large panel fabrication process. Copper is less expensive and 
its resisitivity is low enough. However, it dose not stick to the glass 
Substrate. Then a system like Ta-Cu-Ta has been proposed to ensure both 
the good sticking and low resistivity. However, this three-layered system 
is a complex one and its process is also complex. Inthe next section, we 
propose the use of a single layer of Al to solve these problems. 


4. Al gate TFT 

The diagram of Al gate TFT developed is shown in Fig.3. The 
prime feature of this TFT is the low resistivity of gate metal. It has a 
resisitivity lower than those metals like Cr or Ta by more than one order of 
magnitude. The gate delay time is lowered accordingly. In the business 
use machine, display panel is driven ina non-interlace mode. In this case, 
the time alloted to the gate line address is about 20-30ps. If we assume 
that 10% of the gate address time is allowed for the gate delay, the gate 
delay time sould be 2~3us or less. It is possible to realize this value in 
using Alas a gate bus line. 

Another important feature of Al is the capability of anodic 
oxidation. As the panel size gets larger and the pixel size gets smaller, the 

























shorts between electrodes become a more severe probiem to attain a high 
yield. Anodic oxidation can be a good solution to for this purpose as 
shown in Fig.4. The breakdown characteristics of oxidized Al,O, are shown 
in Fig.5. As shown here, the breakdown current level of AI,O, is lowe; 
than that of Ta,Q, by several orders of magnitude. The hillock formation 
is inherent in Al pocessing. However, the hillock is not formed when the 
Alis oxidized on the surface. This is shown in Fig.6. Table 2 summarizes 
the properties of oxidized Al,Q,. 

As was shown in Fig.3, Al-gate TFT adopts a double-layer of 
Al,O,/SiN as a gate insulator. The Id-Vg characteristics of Al-gate TFT is 
shown in Fig.7. The on current of Al-gate TFT is seen to be higl.er 
compared with th TFT with a single layer insulator of SiN. Dielectric 
constant of Al,O, is higher than that of SiN. However, She mobility of 
Al-gate TFT has been found to be higher than that of SiN TIT. The 
trans-conductance of Al-gate TFT can be made even higher, since the SiN 
thickness can be made thinner. The insulator characteristics of Al,O, are 
good enough for this. The drift of the threshold voltage of Al-gate TFT is 
similar tothe SiN TFT. The summarized properties of Al-gate TFT is shown 
in Table 3. 











5. Conclusion 
Technology trend to realize large display-size TFT/LCD has been 
discribed. The bottleneck to produce larger panel is the aligner. However, 
10" class panel size can be covered by the present aligner on the market. 
In designing the panel, the gate delay can be a big problem. The 
use of Alas a gate bus line and asa gate electrode has been proposed and 
described. Both the better TFT characteristics and the higher yield to 
produce panels are realized. 
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Table 1 Resistivity of metals 























Metal p Anodic Oxidation 
Al 3 uQ.cm O 
Cr 55 x 
Ta 180 O 
Ta-Mo 40 O 
Ti 84 A 

















Table 2 Properties of Al.O: 





























Dielectric constant} 9.2 

Leak current 3x10 A(thickness 200nm, 1mm?20v) 
Breakdown field 7 MV/cm 

Chemicals Good against etchants of Cr, Al, and ITO. 
Temperature Good at ~400% 

Other No hillock, No electromigration 





Table 3 Characteristics of Al gate TFT 
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High yield Anodic Oxidation : no shorts 





Simple Process | Al monolayer 





9m up High dielectric constant 














Large display-size| Uniformity, Low resistance of address line 
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Fig.3 Structure of Ai Gate TFT 
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Fig.1 Display-size trend in a-si TFT/LCD 
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1. Introduction 

With progress and diversification of the information society, the practical 
application-range of recent Liquid Crystal Display is widely spreading as the 
pocketable TV, the display of the portable VCR and the character or graphic display 
of wordprocessor and personal computer. In order to establish those applications, it 
is required that the display area is enlarged and the resolution is employed as a high 
density. In addition to that, the basic improvement of picture quality and giving 
color to the picture are also required for the purpose of replacing the CRT. 
Therefore, there is a tendency to scale up of the manufacturing machines and to 
change from the simple matrix LCD to the active matrix LCD. On those point of view, 
we have studied the color active matrix LCD addressed by the MIM 
(Meial-Insulator-Metal) switching device. In general, it is considered that the MIM 
device is suitable for the large size LCD due to the simple device structure and 
comparatively short fabrication process. I will discuss about the MIM fabrication 
process, the device characteristics, the structure of the color LCD and the driving 
method of MIM. 


2. The Structure and the MIM Fabrication Process 
Those are the merit of the MIM device that the structure is comparatively simple as 
undermentioned and the device property is stable, so the high yield on the 
large-sized LCD is’ expected. The MIM device consists of 3 layers, 
tantalum(Ta)-tantalum pentoxide(Ta20;)-chromium(Cr), and those can be patterned 
by only 3 photo masks. 

Fig. 1 shows the plain view of the one MIM pixel, and Fig. 2 shows the cross sectional 
view of an MIM device according to the fabrication order. 

The tantalum layer is deposited on the glass substrate about 3000A thickness by the 
Sputtering method, and it is patterned in order to form the data line and the MIM 
device by the dry etching method. After that, the insulator Taz0O; is anodized to 600A 
thickness. As compared with the other method of forming insulator, the anodization 
can make good insulator that has few pinhole-‘defect by means of the self-preparation 
as the reinforcement by the electric strength at thin thickness area through the 
reaction process. The Cr is also sputtered and is patterned to form the one side of 
electrodes, and then the MIM device is completed. At last, the transparent electrode 
(ITO:Indium Tin Oxide) as for the driving the LC is formed and is connected with the 
Cr layer. The etching process for the each layers are classified to the dry etching 
for Ta and the wet etching for Cr and ITO. 

On the MIM device, the probability of the device defect is very low because the 
junction area is very smal] as against the total pixe)] area and there is no pinhole and 
pattern defect on the cross area because there is no cross area between the scanning 
line and the data line. Therefore, the high yield is expected. In addition to that, as 














the annealing temperature is comparatively low through the whole process 
suitable for treating large-sized substrate. 


it is 


3. The Characteristics of the MIM Device 
The I/V characteristic is shown as the equation (1), according to the Pool-Frenke] 
Conduction. 
I= a V -exp( 6 V *“*) (1) 
Fig. 3 shows a example of I/V characteristic. The (1) is transformed to (2). 
Log(I/V)= 8 V *‘~* + Log @ - (2) 
On Fig. 3, "Log a "is the cross point on the Y-axis, and # shows the steep index of 
the characteristic. The a, 8 are as follows. 
a =[(n uw q)/d):exp(- © /kT) ve» (3) 
B =(1/KT)-(q°/( @ €:€0d)]*~* vss (4) 
n: carrier density ® : trap depth 
a&:mobility €, : optical dielectric constant 
d: insulator thickness ¢.: dielectric constant in vacuum 
Those constants depend on the size of the MIM device and the characteristics of 
insulator, and are known from experience as follows. 
ac Su/ds Bol /ds«*~* 
"Sm" is the size of MIM device and "dx" is the thickness of insulator. 
The MIM structure is shown as Fig. 5. One pixel consists of MIM device, LC layer and 
color filter, and those elements are connected in series. Fig. 4 shows the electrical 
equivalent circuit. In order to hold the enough electric charge to the liquid crystal 
for active driving on this state, an MIM resistance (Ra:m) is required to be filled with 
below conditions. 
At ON STATE Rurm €RircetRee (condition: Ric 2 Rer) 
At OFF STATE Rmurm > RictRer 
It is needed that the MIM capacitance (Cm:™) have to be designed as large as possible 
to hold enough electric charge’’*’. The number 3 ~ 4 is practical. 
[(Crc*Cer)/(Crc + Cer)]/Curm (condition: C.c $ Cer) 


4. The Structure and the Driving Method of the MIM-LCD 
4-1 The structure of the LCD 

The aligning and liquid crystal layers are held between an MIM and a color filter 
substrate, and are sealed by the organic materials. Subsequently, the LCD is held 
between the upper and lower polarizors. The driving IC is connected with the 
terminals through the anisotropic conductive film on the glass substrate by the TAB 
(Tape Automated Bonding). Fig. 5 shows the cross sectional view of the LCD. The 
main constituent elements are as follows. As for the color filter, the ITO is patterned 
on the glass substrate and the color filter material is formed as mosaic or triangle 











pattern on the ITO. The TN (Twisted Nematic) liquid crystal is used, and the normally 
black mode is adopted by means of selecting the liquid crystal that has the large 
isotropic refractive index (An). 


4-2 Driving Method 

In order to prevent the cross talk due to the 2-terminals-device and to control the 
flicker of the LCD, the polarity of the addressed signal is turned over every one or 
two scanning line. As for the MIM LCD, it seems to be difficult to control the gray 
scale and to establish the full color productivity in general, but we employ the PWS 
(Pulse Width Modulation). This method realizes the gray scale with ease by 
exchanging the pulse width of incoming signal according to the resistance and 
capacitance of the MIM and LC cell during one horizontal scanning field. 

Fig. 6 shows the data and scanning signal wave forms that are actually addressed to 
liquid crystal. On the actually 6 ving state, the select time is divided to more 
number of the gray scale in order to get the gray-scale-linearity by means of 
compensating the non-linearity of the incoming signal’s and LCD’s electro optic 
characteristics. 


5. Conclusion 

The outline of the active matrix MIM-LCD that we studied are mentioned above. The 
MIM LCDs, from 2.6 to 10 inch, were developed and applied for practical use by 
employing those merits that are as less number of process and a simple structure. We 
maintain the LCD performance by improving and adjusting the driving method, the LC 
material and the temperature compensation circuit against the problems derived from 
the peculiarity of the 2-terminals-device. It is considered that improving the MIM 
device characteristics and exchanging CF structure are needed to improve the 
picture quality. Accordingly, the technology for the purpose of realizing the 
large-sized LCD is also important. 
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PACKAGING TECHNOLOGY 
FOR LIQUID CRYSTAL DISPLAY 


Mitsuo Ishii 
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}. Introduction 

Realization of a flat panel display has long been a dream of many people in the 
display market, where liquid crystal, EL and plasma, with their respective 
characteristics are competing for technological advantage and market share. Liquid 
crystal in particular is attracting great attention due to recent rapid improvement 
in its image quality, in addition to its conventional low electricity consumption 
advantage. Liquid crystal is expected to acquire a market worthy of about 1,000 
billion yen (Fig.1) in future, and pull level with the CRT before long. 

The essential key to meeting this expectation is the development of peripheral 
technologies, particularly packaging technology not to mention panel technology. As 
is obvious from recent hit products as well as from the pocket computers which ruled 
the market in the past, packaging technology is a critical factor determining 
product construction (module construction), price and in some cases electrical 
characteristics. In other words, the value of a product depends on the packaging 
technology. 

This paper describes the progress and present state of the art of LCD packaging 
technology. focusing on the mounting structure and method of driver LSI; future 
trends in the technology are also discussed. 


2. Past Progress in LCD Packaging Technology 
The primary purpose of packaging technology is to realize a smaller, thinner 
and lower cost product with improved characteristics by eliminating parts other than 
Passive and active elements and |1/0 devices (i.e. wiring material, substrates, 
cOating material, etc.). The LCD development process suggests this packaging 
Philosophy eminenly. Figure 2 shows the consept of progress in packaging technology. 
In brief, as the technology progresses, the number of intermidiates between the 
driver LS] and LCD decreases. The process of this progress is as follows: 
Ist phase: Transfer-mold resin and lead frame are eliminated; driver LSI in bare- 
chip form is wire-bonded directly to a PWB (Printed Wiring Board). 
(COB = Chip on Board) 
2nd phase: PWB is eliminated; LSI is wireless-bonded directly to film. 
(COF = Chip on Film) 
3rd phase: Film is eliminated; LSI is mounted directly on liquid crystal panel. 
(COG = Chip on Glass) 
4th phase: LSI is formed in thin film with its Si bulk eliminated. 

AS a result of this drastic progress, the concept of packaging technology in 
the final phase differs completely from the conventional one. Presently, COF is the 
most popular packaging method in practical use. Although COG and driver monolithic 
have also been developed to the practical level, their application is still limited. 
Technological development is required before these methods can be widely used. The 








present status of COF and COG will be described in the subsequent section. 


3. Present State of the Art of LCD Packaging Technology 
3-1 COF method 

As shown in the basic structure of Fig.3, a tape carrier device is mounteg 
through anisotropic conductive film on a panel. Driver LSI and carrier tape are Au 
(bump) / Sn (electroplated on Cu lead) eutectically bonded to each other by the so- 
called TAB (Tape Automated Bonding) technique. The tape is made of 5mm or JOmp 
polyimide series material. The anisotropic conductive film is of either 
thermoplastic or thermosetting type; the former is superior in replaceability, the 
jatter in connection reliability and resolution. The connection mechanism of this 
packaging method is compression bonding which, in principle. is applicable to a 
variety of wiring materials. However, for connection at a fine pitch of less than 
1\00um, this method may pose a problem due to current leakage caused by dispersed 
particles in the conductive film or the elongation of the tape itself as it is 
heated. Therefore, improved material is needed. 


3-2 COG method 
The LSI electrode is connected directly with the panel electrode. Therefore. 

selection of an optimum connecting mechanism is most crucial in this method. Some 
typical connecting mechanisms are introduced in the following. Nonmetallurgica! 
connection is used in all these mechanisms. 
Bump connection with conductive paste 

Figure 4 shows the basic structure of this connecting method. A bump is formed 
on the LSI and connected with the panel electrode using Ag or Pd-Ag series paste. 
The bump is formed by coating electroplated Cu core with thin layer of Au or by 
ball-bonding of Au. The former method has been used in simple matrix type LCTVs, 
the latter in l-inch TFT-LCDs. 
Bump connection by contracting stress 

As shown in Fig.5, the Au bump of an LSI is connected in direct contact with 
the panel electrode, using the contracting stress of light-setting resin. This 
method effects stable connection. Since connection performance depends largely on 
the physical properties of the resin, it is vital to select an optimum resin 
material. 
) Bumpless connection using conductive elastic particles 

The packaging method already reported as falling in this category is shown in 
Fig.6. A conductive elastic particle and adhesive mixture is printed on panel 
electrodes; the bumpless LSI is connected with ‘ie panel electrodes via the 
adhesive by heating under pressure. 

Besides the above methods, Sharp has newly developed a COG packaging technique 
Suitable for use in fine pitch connection. The highlight of the new technique is 
mouting conductive elastic particles as interconnecting material onto the LSI 
electrode. The process will be described with reference to Fig./7. First. liquid 
light-setting resin is applied at 3pm or less in thickness on the LSI wafer. The 
coated wafer is then irradiated with UV light through a photomask which is opaque 
in the area corresponding to the LSI electrodes on the wafer and transparent 
elsewhere. By this irradiation, only the adhesive thin layer above the electrodes 
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remains tacky. Using this tackiness of the adhesive, scores of metal coated 

plastic particles are easily mounted only on the electrode sites, as shown in 

Photo |. When dicing is performed, an LSI chip is obtained which has conductive 

particles mounted on the electrodes only. The next process is bonding. Light- 

setting resin is also used in this process. After the LS! chip is aligned with the 
glass substrate, light-setting resin is applied on the chip or the glass. 

Consequently, applying pressure between them, the resin is exposed to UV light. 

Connection is thus completed as shown in Fig.8. Conductive particles deformed 

under pressure are provided contact with each electrode. This method is 

advantageous in the following points: 

(1) Stable connection : Since an elastic particle is used as a connecting 
material, connection is stable even if the connecting structure is thermally 
expanded or shrunk. The sample construction used in the reliability test is 
shown in Fig.9, and the test results in Figs. 10 and 11. 

(2) Fine pitch connection : Since particle mounting precision is determined 
primarily by the photolithographic process, fine pitched connection is 
possible. The reliability test result for 50pm pitch connection is shown as an 
example in Fig.12. 

(3) Bump-platingless process : The electroplating process, which requires strict 
control of bump height and composition, is not necessary. 

(4) Applicability to a variety of electrode materials : The wiring material used 
in LCDs is normally ITO, Ta or W. Since these materials do not accept 
metallurgical connection, a suitable connecting technique must be selected. 
Figure 13 shows an example connection with an ITO electrode by the developed 
method. It has proven stable connection. 

(5) Quick bonding at room temperature : Since the bonding process can be done 
quickly by only irradiating with UV light, damage to products is minimal. 


Various structures obtained by the COG packaging method have been outlined. COG 
method has a number of advantages, including fine pitched connecction and low film 
cost, offsetting the disadvantage of increase in resulting panel area. It is certain 
that development of this packaging technique will be further accelerated for 
Practical application. 


4. Future Trends 

COF and COG techniques, described above, relate to Si chips mounting 
configuration and method. However, in the driver monolithic system of the next 
generation, the driver is formed in a thin film, with LSI chip connection no longer 
necessary, and the resulting structure is extremely compact. Packaging technology 
may seem useless for this system at this point, but on the contrary, more advanced 
packaging technology is sure to be required. The most vital factor affecting the 
advance of the driver monolithic system is above all the TFT technology; that is. 
improvement in characteristic and yield. As development of TFT technology 
progresses, its application may be expanded gradually, from smaller to larger LCDs. 
In view of the balance between pertormance and cost, however, COF or COG technology 
may be used for the time being for medium and large size LCDs. 











5. Conclusion 

The "liquid crystal" field has great potential. For successfy| business 

nowever, it is essential to create a product whose cost, performance and convenience 
are acceptable to users. In this regard, integrated development of the packaging 

pane! and LSI technologies is of the utmost importance. y 
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GLASS SUBSTRATES FOR LIQUID CRYSTAL DISPLAYS 


Fumio Okamoto 
Technical Center, Corning Japan K.K. 
Osuka-cho, Shizuoka, Japan 


a. Introduction 


The requirements for Liquid Crystal Display (LCD) substrates 
depend on various factors such as display modes and manufacturing 
processes. For simple-matrix Super Twisted Nematic (STN) LCD's, 
silica-coated soda-lime glass is used. For active-matrix LCD's, 
alkali-free borosilicate glass is used for the fabrication of 
amorphous silicon thin-film transistor (a-Si TFT) matrices and 
fused quartz for polycrystalline silicon TFT (poly-Si TFT) 
matrices. In the future, the fused quartz will be replaced with 
alkali-free boroaluminosilicate or aluminosilicate glass because 
of price and availability. 


In this paper, we discuss the following five items which will be 
useful in selecting glass substrates for particular applications: 


(1) requirements for LCD substrates, 

(2) glass substrates and their properties, 

(3) manufacturing and finishing processes of glass 
substrates vs qualities, 

(4) Corning's supply capability of glass substrates, 
and 

(5) how to reduce glass substrate costs. 


2. Requirements for LCD Substrates 


Some important glass properties to be considered for LCD applica- 
tions are: 
* Maximum use temperature 
* Thermal dimensional stability 

* Thermal expansion 

* Thermal shock resistance 
* Mechanical strength 

* Chemical durability 

* Alkali content 


Substrate qualities also depend on glass manufacturing tech- 
nologies and finishing processes. The qualities affected by 
these factors are: 

* Internal defects (inclusions, bubbles, non-uniformities, 
strains) 
External defects (scratches, open bubbles, streaks) 
Flatness (warp) 
Thermal dimensional stability (degree of annealing) 
* Edge finishing 














Surface finishing (polishing, surface roughness, 
scratches) 

* Surface cleanliness 

* Dimensional tolerances 


Corning furnishes Code 7059 glass substrates for a-Si TFT and 
color filter fabrication. To respond to various requirements 
from users, Corning provides a series of products: non-polished, 
one-side polished, two-side polished, annealed and one-side 
polished, and annealed and two-side polished products 


3. Glass Substrates and Their Properties 


Table 1 lists typical glasses which are applicable to LCD 
substrates. They are listed in the order of increasing strain 
point, which can be regarded as the practical maximum use 
temperature of the yiass. Currently large quantities of Code 
7059 glass are used as both a-Si TFT and color filter substrates. 
Code 1733 glass is produced in development sample quantities and 
is being tested for poly-Si TFT application by our customers. 
Code 1724 g2ece is a high temperature glass announced very 
recently‘'). Code 1729 glass is known to have sufficient 
temperature capability for poly-Si TFT application‘?). The 
latter two glasses are, however, available only in research 
sample quantities at present. Figures 1 and 2 show thermal 
expansion of Codes 7059 and 1733 glasses as a function of 
temperature. The slope of the expansion curve is the coefficient 
of thermal expansion (CTE). The figures show that the thermal 
expansions increase markedly as temperature approaches the strain 
points. 


4. Manufacturing and Finishing Processes of Glass Substrates 
vs Qualities 


Figure 3 shows the manufacturing and finishing processes in 
Corning. The glass manufacturing process in Harrodsburg, 
Kentucky, is shown in the left half of the figure. The manufac- 
tured glass of approximately lm square is shipped to Japan for 
the finishing processes shown in the right-half of the figure. 
In glass manufacturing, the most important process is forming 
which determines raw glass qualities and affects the cost of the 
subsequent finishing processes. 


Code 7059 glass is formed by the fusion downdraw method as shown 
in Fig. 4. The molten glass overflows from a tapered trough 
along the two sides of the fusion pipe, and the glass sheets on 
both sides join together at the root of the pipe. The two 
surfaces of the formed glass sheet do not contact any materials 
other than air during the forming process. With this method, 
flat and scratch-free glass sheets are produced. Codes 7059 and 
























1733 glasses are produced with this method. Some of our 
customers use the fusion-drawn 7059 glass sheets without 
polishing. Although fusion-drawn glass has smooth and scratch- 
free surfaces, scratches are often generated by handling and 
shipping. Therefore, some of our products are polished. 
Improvement of glass handling is in progress to eliminate the 
polishing process and supply only non-polished products. This 
will substantially reduce the finishing cost. 


5. Corning's Supply Capability of Glass Substrates 
5-1. Glass Manufacturing Facilities 


Code 7059 glass was manufactured with the fusion draw method at 
Harrodsburg in 1984 for the first time. To respond to the 
increasing demand for Code 7059 glass, the second fusion draw 
furnace was constructed at Harrodsburg in summer 1989. The third 
furnace is now under construction at Harrodsburg and will be used 
for commercial production starting in 1991. In 1992 or 1993, 
Corning plans to construct the fourth furnace in Corning Japan's 
Shizuoka Operations Center. Several technical personnel have 
been sent to Harrodsburg for the technical transfer. 


5-2. Glass Finishing Facilities 


The glass sheets manufactured at Harrodsburg are shipped to Japan 
and are finished at either Corning Japan's Shizuoka plant or 
Corning Precision Glass' Sagamihara plant. Ample additional 
Space for the finishing is secured in the Shizuoka plant for 
future expansion. A polishing elimination project is also in 
progress to make non-polished products our major products. These 
will help meet the increasing demand for LCD substrates and 
enable cost reduction in the near future. 


Substrate size is becoming larger, and therefore larger finishing 
machines and equipment may be required. Product specifications 
have to be reconsidered because production yields will drop 
substantially if product specifications for current small size 
Substrates are applied to larger ones. Another problem we have 
to solve is the damage-free packaging and shipping of large size 
Substrates. 


6. How to Reduce Glass Substrate Costs 


6-1. Corning side 


The Harrodsburg plant is constantly improving the glass manufac- 
turing processes and the production yields of fusion-drawn glass. 
The Shizuoka plant is also improving the glass finishing 
processes and the yields. The qualities and costs will be 








further improved when we have the fourth fusion furnace in Japan 
in 1992 or 1993. ‘The non-polished product is another approach to 
reduce finishing costs. 


Additional cost saving is possible if we improve the utilization 
of glass area, e.g., making the width of the fusion drawn sheets 
an integral multiple of the width of the product substrates by 
changing the width of either drawn sheet or substrate. 


6-2. User side 


The strongest request to glass users from glass manufacturers is 
the standardization of glass substrate sizes. If sizes are 
standardized, the finishing processes are simplified, and 
various merits are expected in inspection, packaging and 
shipping. This, of course, is reflected in the cost of the glass 
substrates. It may be very difficult to standardize the current 
small-to-medium size substrates of various users. We hope that 
the size is standardized at least for the future large size 
substrates. On the other hand, there remain many problems to be 
solved for large size substrates such as the expected decrease in 
production yields, and the development of packaging and shipping 
methods. The glass finishing cost may unexpectedly increase for 
extremely large size substrates. Standardization of substrate 
qualities is also very important to reduce substrate cost. We 
have to be especially careful about demand for products having 
unnecessarily high qualities. We should identify minimum quality 
requirements for the glass substrates to help reduce the cost. 


Glass is brittle and is easily chipped or cracked at edges or 
corners. These microcracks are the cause of thermal breakage 
because thermal stresses are concentrated at the cracks. It is 
important to design and use LCD manufacturing equipment and 
processes that do not generate chips and cracks, even though they 
may be invisible to the human eye. It should also be remembered 
that glass is in general less durable to various chemicals than 
silicon. Chemicals for washing and etching should be optimized 
for glass substrates. Chemicals for silicon processes are often 
too harsh for glass. 


The thermal dimensional stabilities of glass substrates are also 
important properties when active layers are deposited at elevated 
temperatures between photolithographic patterning processes. The 
straightforward solution is to use glass substrates having higher 
strain point with good annealing. Glass having a higher strain 
point, however, is more difficult to melt and to form, and 
annealing is a time-consuming process, which inherently increases 
the cost of glass substrates. In these circumstances, other 
approaches to reduce glass substrate cost are to reduce LCD 
manufacturing process temperatures and to develop exposure units 
adjustable to the dimensional changes between the repeated 
exposures. 
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Conclusions 





7. 







Cost reduction of glass substrates is very important. For 
accomplishing this objective effectively, we have to standardize 
the sizes and qualities of glass substrates as well as to improve 
glass manufacturing and finishing processes. The most important 
action we have to take is that glass manufacturers, LCD process 
equipment suppliers, and the users of the glass substrates should 
have more close contact to exchange information to promote the 
LCD technologies. 
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Fig. 1 Thermal expansion of Code 7059 Fig. 2 Thermal expansion of Code 1733 
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New Glass Substrate for FPD High Temperature 


Fabrication 


Yoshitaka Yoneda 
HOYA Corp. Optical Div. Dept. of Technology Development 
Akishima-shi Tokyo Japan 


1. Introduction 

There is a possibility that the active matrix polycrystalline silicon thin film transistor 
(poly-Si TFT), which can form a peripheral circuit integrated on the same substrate, is more 
cost-effective than the amorphous silicon on (a-Si TFT). Although under present conditions, 
the screen size on the pane] for the former is not as large as that of a-Si TFT, poly-Si TFT 
is expected for a transistor for a large screen high-performance display. 

On the other hand, since the film-forming temperature of poly-Si TFT is high (approx. 600°C), 
the dimensional stability accuracy (thermal shrinkage) at higher temperature is required for 
glass substrate. At the same time, it is also one of the important factors in development of 
glass-substrates that the glass must withstand the severe etching conditions of as many as 10 
types in the film-forming process of poly-Si TFT. 

Now, we have developed NA35, a glass-substrate for poly-Si TFT, which has good resistance to 
chemicals under various etching conditions. This paper mainly reports on the resistance of the 
above-mentioned glass to chemicals and the dimensional accuracy (thermal shrinkage) date after 
heat treatment is also introduced in comparison with the glass for a-Si TFT (NA45). 


2. Experimental Method 

A chemical resistance test with respect to glass substrates was established by measuring the 
weight loss of the glass after immersion into the etching solution under each etching 
condition. First, the two sides polished glass disc sized at 43.7mm ¢ and 3.0mm thickness 
(total surface area of glass was 30cm* for two sides) was weighed. Then, a tape is applied to 
the glass on the edge of the glass disc to protect it against the etching acid. After 
immersing the glass disk into various different etching solutions for each fixed time, the 
tape is removed and the weight is measured to calculate the weight loss. 

Ten types of etching solutions used and etching conditions are shown in Table 1. 
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A thermal shrinkage measurement was also performed to measure the pattern size of polished 
and patterned glass substrate by dimensional measuring instrument, after heat treatment for 
certain period at each fixed temperature. The accuracy of the dimensional measuring instrument 


has about 0.3 um 


3. Chemical Resistance Test 

For the chemical resistance test of glass substrate for poly-Si TFT, etching solutions show 
in Table 1 were chosen. Six types of etching solutions shown in Table 1, part I) caused 
almost no weight loss even after an immersion for the period of 15 hrs at each etching 
condition. The condition of weight loss for the mixture solution of HF and HMO; of d) and HF 
type etching solution of a) was almost the same tendency, and therefore, considered the result 
of a) as the result of d) and omitted the result of d). In the end, for testing etching 
solutions only three types of a), b), &c) of I) proved to be enough. 

Next, we like to refer to chemical resistance of glass substrates when immersed into each 
etching solution. The glass types tested were quartz, soda lime, white crown, NA40, NA45, 
LE30 (photo-mask substrate), NS (chemical strengthing glass) in eddition to NA35. 

a) SS AF aq, 25T 

Fig.- 1 (a) shows weight loss when immersed into 5% HF eq. at 25 on the axis of ordinates, 
and the axis of abscissas shows the time of immersion. Quartz is rather expensive material, 
but has much better chemical resistance comparing other glasses. The second best is NA35, and 
comes LE30, white crown, soda lime, NA45, NS, NA4O in this order. 

b) HF: MH.F=1:5.aq, 40C 

In the same manner Fig.- 1 (b) shows durability of each glass for buffered HF aq. The best 
is quartz, and next is NA45 and NA35, LE30, NS, NA40, white crown, soda lise follow in this 
order. 

C) 30% HNOs aq, 80°C 

The importance of improvement of durability for HNO, has been noticed during development of 
poly-Si TFT glass substrate. As shown in Fig.- 1 (C) quartz, soda lise, white crown and NA40 
has almost no weight loss, but on the contrary, durability for HNO; has tendency of becoming 
worse in the order of N5, E30, NAI5, and NA45. However, if we consider the immersing time in 
the actual prodaction process of NA35, the result would be rather satisfactory, as no 
deterioration on the glass surface of NA35 like exfoliation could not be witnessed at 210 
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sinutes immersion. This date is summarized in Table- 2 by adopting standard unit and 


recalculatig the Fig.- 1. 


4. Measurement of Thermal Shrinkage 

Fig.- 2 shows the degree of shrinkage of NA45, NA35, and NA40 annealing of which has been 
applied in normal way. NA35 shows the same level] of shrinkage with NA40. It would be possible 
to reduce shrinkage degree by applying precision annealing, but the glass would not be 
suitable for high temperature heat treatment at more than 600 C. 


5. Property of NA35 

HOYA has now NA4O glass substrate in addition to NA45 for a-Si TFT (Table- 3), however, 
NA40 has not so good durability for devitrification, and consequently thin sheet forming is 
not possible as well as cost demerit. NA35 as well as NA45 can be formed into thin sheet glass, 
and can expect cost down in future. Table- 4 shows properties of NA35 newly developed. 


6. Conclusion 

New glass substrate, NA35, has been developed for the use of glass substrate for poly-Si TFT 
in order to withstand severe etching conditions in the production process of poly-Si TFT. 
Also, NA35 has very good property for thermal shrinkage, and therefore, this glass is most 
suitable for the glass substrate for poly-Si TFT with regard to thermal stability. 


133 








Table —1 Etching Condition 


2)5 *HFagq. 
b) HF: NH, F=1: 5Sagq. 
C) 3O%HNOs ag. 


d) HF+HNOs ag. 


(1) e) Hs PO« ag. 

f) He SO, aq. 

gs) HC1+HNOs ag. 
h) He SO4 +He Osc ag. 
i) NH. OH ag. 

J) NHs« OH+He Os ag. 


25 
407 
80 


Table —2 Chemical Durability Data of Substrate Glasses 
( ag / cea*-br ) 











a) 5% HF aq. b) HF: NH«F = 1:5 aq. | C) 30% HNO, aq. 
40T x10-* 80T 
Quartz 0.32 4.8 0.76 
NA 35 7.4 6.3 44 
NA 45 10 5.8 99 
NA 40 25 20 2.3 
LE 30 §.3 12 13 
N 5 19 19 1] 
White Crown 9.4 39 0.95 
Soda lime $.8 42 0.76 
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Table —3 Line up of Substrate Glasses for LCD 





























poly-Si TFT 
a-Si TFT EL Display | Diode LCD 
NA 45 O A 
NA 40 Oo 0 O 
NA 35 O 0 
Table —4 Property of NA 35 
Vv <@ c 705 
T s c 775 
Starin Point c 650 
Annoaling teap. c 700 
Softening Point c 940 
@ 100-300 x10°"/ CT 37 
Specific Gravity 2.50 
Young's Modulus ksf / oo* 7160 
Shear Modulus kef / oo 2890 
Poisson's Ratio 0.241 
Knoop Hardness Number kef / on’ 497 
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b) BF:NH.F = 1:5 aq. 
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Fig.- 1 Durability of Glass Substrates for Each Etching Condition. 
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The Next Generation of Liquid Crystals 
Bernhard S. Scheuble 


E. Merck 
Industrial Chemicals Division 
Frankfurter Strasse 250, D-6100 Darmstadt, Fed. Rep. of Germany 


Abstract 


Liquid Crystal Displays (LCDs) are widely considered to be the most promising 
flat panel technology at present. Among the various types of LCDs, active 
matrix (AM) addressed LCDs offer the best performance. Especially TFT-TN LCDs 
have proven their potential to realize flat panel TVs with exceptional 
characteristics. However, TFT-TN LCDs depend vital on liquid crystals with 
extremely high resistivity, as well as high photo- and thermal-stability. This 
paper outlines that a mew generation of liquid crystals ("SFMs"), containing 
"super fluorinated" substituents, meets the extreme requirements of the 
semiconductor industry. Whereas the SFM concept was originally restricted to 
liquid crystals with small optical anisotropy for "1. Minimum-application", 
recently the SFM concept could be extended to liquid crystals with high 
optical anisotropy. Also the SFM concept offers liquid crystals with very low 
viscosity resulting in significantly improved response times. 


1. Introduction 





Since more than 15 years cyano substituted compounds are the mainstay of 
commercial liquid crystal mixtures. Structures like cyanobiphenyls (CBs) and 
Cyanophenylcyclohexanes (PCHs) offered attractive physical properties and 
perfectly adequate chemical-, photochemical- and thermal stability for 
standard TN-LCDs as well as multiplexed addressed TN- and STN-LCDs. However, 
LCDs with very high information density depend vital on liquid crystals with 
improved performance. Liquid crystals for highly multiplexed STN-LCDs must not 
only provide good contrast but at the same time fast response, which means 
high birefringence and low viscosity. Liquid crystals for the most promising 
matrix addressed LCDs must be characterized by specific resistivities in the 
order of 10!59 cm and more and by voltage holding ratios (HR) close to 100%. 
HR is defined as ratio between the RMS-voltage across the pixel and the 
voltage applied. It must not change significantly with time even if the LCD 
is exposed to strong UV-illumination and elevated temperatures. 
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These severe requirements can no longer be met by cyano substitut 


ed 
and resulted in the development of a new generation of liquid crystals Compounds 


2. The SFM-concept 





In order to realize liquid crystals with positive dielectric anisotropy, the 
standard terminal cyano group can be replaced by a terminally substituted 
fluoro-atom or other fluoro-containing terminal substituents. Some terminally 
polar fluoro-substituents are examplified in Fig. 1. Fig. 1 a depicts 
substituents of standard fluorinated liquid crystals while Fig. 1 b shows the 
most recently developed, more complex substituents which are incorporated in 
liquid crystals termed "Super-Fluorinated-Materials" (SFMs). In any case 
compared to the cyano-substituent the fluoro-substituents lead to a decrease 
of the mean dielectric constant and hence a higher specific resistivity. It 
will be discussed in the following that besides higher resistivity and 
significantly improved stability, the “super-fluorinated" substituents of 
Fig. 1 b provide liquid crystals with ideal combinations of physical 
properties. 


3. SFMs with low birefringence [1,2] 





Tab. 1 compiles physical properties of the most useful and common two ring 
structure - the phenylcyclohexy! (PCH) derivatives. For fixed alkyl-chain- 
length the effect of different terminally polar substituents is shown. As some 
of the materials have no enantiotropic or monotropic liquid crystal phase the 
extrapolated (or virtual) clearing point is also listed. The results clearly 
demonstrate a strong correlation between the magnitude of the dielectric 
anisotropy Ae and the viscosity. The only exception from the rule are SFM- 
materials with -OCF3 and -OCF9H substituent. Whereas the -OCF3 substituent 
offers the lowest viscosity, an improved nematic behaviour is observed for the 
-OCF9H substituted PCH-derivative. These findings for two ring structures are 
confirmed by results for three ring low birefringence materials (Tab. 2). 
Again an ideal combination of moderate 4 « with very low viscosities is found 
for the three SFM-compounds. Also in this case the lowest viscosity is offered 
by the -OCF3 substituent, whilst the broadest nematic phase is found for the 
-OCF9H substituent with an additional lateral fluoro-atom. 


The superior and outstanding stability of low birefringence SFM-materials is 
shown by the voltage holding ratio measurements detailed in Tab. 3. HR is 
strictly correlated with the percentage of cyano-compounds. Only mixture D, 
which includes no cyano compounds, provides HR in the order of 99% remaining 
stable even after extended exposure to UV-illumination and high temperatures. 
A further increase in HR is possible by utilizing exclusively SFM-compounds in 
combination with optimized orientation layers. 














4. SFMs with high birefringence |3,4] 





Whilst the vast majority of active matrix addressed TN-LCDs operates in the 
"1, Minimum condition", such requiring liquid crystals with small _birefrin- 
gence, there is also demand for extremely stable liquid crystals with high 
birefringence and small viscosity. They may be either used for active matrix 
addressed TN-LCDs operating in the 2. Minimum or for highly multiplexed STN- 
LCDs with fast response time. As demonstrated beforehand, extremely stable 
liquid crystals with low viscosity are realized by utilizing “super- 
fluorinated" substituents. With respect to a low viscosity the -OCF3 moiety is 
especially of interest. In order to extend the SFM-concept to structures with 
high birefringence without some sacrifice of stability, it is most 
straightforward to replace cyclohexane-rings by phenyl-rings. The effect of 
this substitution of rings on the birefringence is depicted in Tab. 4. 
Unfortunately, the terphenyl structure has not only the highest birefringence 
but also the highest melting point and no longer a nematic phase. As modern 
liquid crystal mixtures must provide a nematic phase over a wide temperature 
range (- 40°C to + 110°C), it is essential to improve the nematic behaviour of 
high birefringence SFMs. It is know from unpolar high birefringence structures 
that the melting point can be lowered either by lateral fluorination or by 
utilizing an ethylene-linkage (Tab. 5). The lateral fluorination also 
suppresses smectic phases, while the ethylene-bridge offers low viscosities. 
Lateral fluorinated, ethylene-linked terphenyls (ETs) are nematic compounds 
with high birefringence and low viscosity. Corresponding terminally 
fluorinated and super-fluorinated structures are listed in Tab. 6. Based on 
these materials high birefringence liquid crystal mixtures with outstanding 
Stability can be realized for the first time. In Fig. 2 a comparison is made 
with a conventional cyano-compound mixture. Both mixtures have similar values 
of dielectric and optical anisotropy (A«= 6,4n = 0.18). The SFM-mixture has 
a voltage holding ratio of more than 99%, which drops only marginal to 98% 
even after 30 hours of UV-illumination. The cyano-compound-mixture starts with 
a poor holding ratio of 50% getting even worse, down to 20% after the same UV- 
illumination. 
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LARGE-PLATE EXPOSURE SYSTEM 


Junji Hazama 
Nikon Corp.,Tokyo,Japan 
1. INTRODUCTION 


The rcent trends of liquid crystal panels are toward higher definition and larger 
size. This reflects the shift of main applications from small-sized audio-vidual 
units to office-automation system. Enhanced definition is likely to find more 
applications in the displays of personal computer, and in the future, even the 
displays of workstations. Making such high-definition displays available by 
means of liquid crystal devices will call for finer pattern rules. Displays of 20- 
inch class will be required for workstation applications. 

To go along the two major flows toward higher definition and larger screen, 
exposure machines for liquid crystal devices are liquired to provide more 
uniform, better overlay accuracy. The screen stitching method is essential to 
realize make large displays; stitching accuracy becomes a critical factor. 

Another consideration is the compaction of plates due to thermal effects in the 
liquid crystal process. This affects the overlay accuracy in the exposure process. 
However, the exposure magnification and step pitch of a stepper can be tuned to 
the panel compaction due to the thermal process, so that the production process 
assures high overlay and stitching accuracies, as described below. 


2. SCALING IN PROCESS STAGE 


Liquid crystal panels using amorphous silicon TFT is usually built with alkali- 
free glass plates. These plates are thermally contracted depending on the process 
temperature, which is not always uniform within any given plate. The result is 
rather nonuniform scaling. 

Suppose the compaction coefficient of a plate is linear with the distance from the 
plate center as shown in Fig. 1. The actual patterning error on the plate relative 
to the design value would be as shown in Fig. 2. This supposes that the process 
temperature of the plate center is slightly higher than that of the plate periphery 
‘The date in the fiqure represents two cases where the maximum scaling amounts 
at the plate center are -20 ppm and -10 ppm, respectively, with compaction 


decreasing by 0.02 ppm and 0.01 ppm, respectively, for each 1 mm additional 
distance from the plate center. 
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When the scaling is -20 ppm at the plate center and varies by 0.02 ppm every 
1mm, the error at a point 250 mm from the plate center is approx. 4.4 pm relative 
to the design value. The minimum linewidth used on amorphous silicon TFT 
panels is generally 4 to 10 pm, and the overlay tolerance required for this 
linewidth range corresponds to 1/3 to 1/5 of the pattern rule, which traslates into 
+1.3 pm to £0.8 pm in the most demanding vase. 


3. SCALING CMPENSATION BY STEPPER 


As illustrated above, the plate compaction due to processes is a very serious 
problem in TFT panel fabrication. This is also an important problem in the 
production of color filters as they must match the TFT panel. When a stepper is 
used as the exposure machine, the problem of scaling can be corrected by two 
methods. 

The first approach compensates scaling amount by adjusting the step pitch of the 
stepper. In the example given in Fig. 2, when a 100-mm shot is printed at a 
distance of 200 mm from the plate center, displacement at the shot center can be 
reduced to zero by adjusting the step pitch to the scaling. On the periphery of the 
shot, however, errors remain as indicated by “a” and “b” in the Fig. 2. The 
amount of these errors is approx. 0.8 pm. If the alignment error of the stepper is 
0.8 pm, the peripheral displacement corresponds to 1.6 pm as a maximum, and 
the minimum pattern rule for tolerating the displacement amounts to approx. 5 
pm. 

- The second approach to scaling compensation involves controlling the projection 
magnification of the stepper. Assuming that the average scaling amount of the 
plate shown in Fig. 2 is -17.6 ppm, we control the lens magnification and also 
compensate the step pitch by the first method. Then the residual error due to the 
glass scaling is less than 0.1 pm. 


4. SCALING MEASUREMENT 


We have ilustrated that when manufacturing TFT panels using a stepper, ovelay 
errors due to scaling distortion in processes can be significantly decreased by a 
combination of step pitch compensation and projection-lens magnification control. 
A key to making full use of these features is the accuracy with which to measure 
the process-distorted scaling of plates. Below is outlined the Nikon stepper's 
function availble for more accurately measuring the scaling amount. 
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A method commonly used in scaling measurement is to measure the distance 
between two points on the plate and compare it with the design value. This is 
measured off-line before exposing the plate. Demerits of this practice is the 
necessities for a separate measuring instrument and additional marks for the 
measuring instrument. Another disadvantage is associated with the two-point 
measurement: possible damage of one or both of the marks as a result of a process 
may disable the measurement or add a large error to the measured value. 
Furthermore, the time consumed for the measurement is a negative effect on 
productivity. 

Here, we introduce you the alignment method called EGA (Enhanced Global 
Alignment) embedded in Nikon’s steppers, which is available for simultaneous 
scaling measurement and alignment. A number of alignment marks must be 
formed in advance on the plate to be measured. EGA begins by measuring the 
positions of the marks using the alignment sensor. Then, by statistically 
processing the dislocations of the marks, EGA determines the optimum position 
of each shot and simultaneously determines the scaling amount of the entire 
plate. 

Because a considerable number of marks are used, the EGA method remains 
effective if one of the marks is damaged in a process or is shifted by some reason. 
Alignment is not greatly affected by a damaged mark and the scaling amount can 
be determined accurately. Already proven in many wafer steppers, this method is 
known for the capability comparable with the die-by-die method, as well as for the 
minimum effect on throughput. 

When the EGA method is applied to liquid crystal panels, a group of alignment 
marks can be used by placing them on the street lines if the panel size is small. 
Alternatively, the marks may be included in the connector areas of each panel. 
For large panels, alignment marks are placed on the peripheral connector areas 
as they are hard to include in the pixels (Fig. 4). 
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5. EXPERIMENTAL RFSULTS 


Before our experiment, the lens magnification and step pitch were compensated 
by -20 ppm relative to the design value. As the first step, we printed the first 
layer on a glas plate, developed the plate, and aligned it using EGA. Based on the 
alignment position and scaling amount determined by EGA, the lens 
magnification was automatically corrected, followed by the second print on the 
plate. We measured the results using vernier scales with a minimum reading 
unit of 0.05 pm. The shot arrangement on the plate and the EGA measurement 
points are shown in Fig. 6. For 27 shots, equivalent to three plates, overlay 
accuracy at the center of each shot was ocx = 0.155 pm, Ocy = 0.125 pm, 
demonstrating a high level of overlay accuracy achieved by shot position 
compensation with step pitch. 

Then the displacement at shot center was subtracted by the vernier readings 
taken at 16 points in each shot, with the result shown in Fig. 5. The data 
represents nine of the 27 shots. As shown, the in-chip overlay accuracy was oax 
= 0.092 pm, cay = 0.104 pm, indicating that the in-chip scaling was well 
corrected by lens magnification compensation. From the chip-center and in-chip 
alignment accuracies, the overall overlay accuracy between the first and second 
prints is determined as follows: 








ox = Vocx?+o,ax? . oy Vocy’+aay’ , 
therefore, 

ox = 0.180 pm 

oy = 0.163 pm 


6. CONCLUSION 


We have shown that the liquid crystal stepper providing compensations with step 
pitch and lens magnification provides high overlay accuracy for the scaling 
associated with the thermal process of glass. In addition to overlay accuracy, 
magnification compensation improves screen-to-screen stitching for large-size 
displays. That is, stitching of screens usually involves slight overlapping of 
screens before the »v>“sure process, and the width of overlap can be set without 
considering thes =|. ; amount. 
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Fig-3 EGA MARK POSITION 
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Fig-4 EGA MARK POSITION IN LARGE PANEL 

















Fig-5 IN-SHOT REMAINNING DEVIATION 
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Fig-6 EGA MEASURRING POINTS 
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MIRROR PROJECTION LCD ALIGNER 


Hideki Yoshinari 
General Manager Canon Co. Ltd. 
Semiconductor Equipment Division 
Kawasaki, Japan 


1. Introduction 

The technology of Active Matrix Liquid Crystal Display (AMLCD) has been improveing 
quickly for these several years, and it has actually been applied to handy televison, portable 
video and color view finder in the market. The currently targetted products would be a 10- 
inch colour display, for the use of laptop type personal computer, and each company is 
planning a large scale investment of equipments as well as construction of technology. Now 
it's the time to open the door into AMLCD era. 

As is well known, AMLCD technology is based on thinfilm microfabrication technology, 
and its performance and production costs depend on manufacturing tools as well as device 
designing, process technology, and especially exposure tool have an effect on it very much. 

Hereafter I will introduce some advantages of Mirror Projection System as a liquid 
crystal exposure tool, and then will present you my consideration of how the next exposure 
tool should be. 


2. Mirror Projection Exposure Tool 
2-1. The Principle of Exposure 
Fig-1 shows the principle of mirror optical system. It consists of a plane mirror and a 
set of concave and convex mirrors facing each other. The photomask pattern forms sharp 
image by 1:1 only in arc shaped area of a few millimetres in width on a substrate. Arc’s 
radius of carvature and arc span length would be changed by optical system. In the case of 
Projection Aligner of Canon, or MPA-1500, above figures are 95mm and 150mm. 
Therefore, in order to expose the whole surface, it's necessary to scan photomask and 
Substrate as a unit, and the width of exposure area depends on the arc span length and the 
longitudinal length of exposure area depends on the length of scanning. Exposure amount and 
uniformity depend or scanning speed and uniformity as illumination intensity and uniformity 
of arc shaped image do, so that scanning system requires very high accuracy. Direct driving 
system with linear air bearing (LAB) guide and linear motor makes a good result. 


2-2. MPA-1500 
Maximum one shot exposure area of Canon Projection Aligner adopting above exposure 
principle is 150mm X 166mm, and maximum display size by one shot exposure is 7 inch. 














So in order to expose larger area, it's necessary to take step and scan exposure system. 
MPA-1500 mounts high accurate XY stage with laser interferometric measurement on substrate 
side of scanning system, so it's possible to expose maximum 300mm X 332mm (14-inch) by 
setting up arbitrary number of steps. Alignment is adopting He-Ne laser scanning system 
and TTL dark field detection system. Detection ratio and accuracy are favorable by making 
the best use of the excellent technology of semiconductor exposure tool. Fig-2 shows basic 


specificaion. 


2-3. Features of Mirror Projection Aligner 
Exposure tool for ALCD has two systems. One is lens stepper system and the other is 
mirror projection system. Followings are the features of mirror projection (step & scan) 
system. 


a. Large One Shot Exposure Area 
As stated before, maximum ability of one shot exposure area is 7 -inch display, and if 
you will expose twice, the area would be 10 inches, and then four times, it would be 14 
inches. Highspeed photomask change is possible up to 4 photomasks, and throughput is 
high. Generally the larger image size would be, the more advantagous projection system, 
rather than lens stepper system. 


b. Exposure Wavelength and Alignment Wavelength 

The optical system of this Mirror Projection has perfect reflective type optics, so that 
there is no colour aberration. Therefore you can use all exposure wave length; that is g, h 
and i of supper high pressure mercury lamp. It means this optical system uses a lightsorece 
very effectively, and also it is available to reduce standing waves as a multiwave exposure. 
And average wavelength is shorter (~400nm), that you can obtain the higher resolution. 

Alignment system also has no colour aberration. You can adopt TTL ON AXIS 
Alignment system of photomask pattem and substrate pattern with He-Ne laser (wavelength is 
633nm). 


c. Resolution and Exposure Time 

As stated at the beginning, the optical system of Mirror Projection has arc shaped image 
formation area, and resolution and depth of focus are decided by amount of astigmatism. 
In Fig-3 d means maxmum astigmatism in the slit, and the amount is changed by slit width 
; ws. The smaller ws will be, the amount of astigmatism will be smaller, and the higher 
the resolution will be. But exposure amount is getting smaller proportional to slit width, and 
vice versa. Fig-4 shows resolution as parameter. The holizondal axis means slit width, and 
the vertical axis means depth of focus. Normal specification using 8mm slit obtains 3 um 
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of resolution and +15 um of depth of focus. Then if you use 2mm slit, the graph 
shows you can achieve 1.5 »m of resolution and +6 ~m of depth of focus. Thus, by 
using smaller slit in the same optical system, the higher resolution is achieved, and it can 
produce a projection type High Definicion Display in the future. 


3. Future Strategy of Exposure Tool 
3-1. Improvement of Productivity 
The excellent performance of AMLCD as a display has already been proved. Drastic 
reduction of AMLCD production costs is indispensable to get a big market instead of CRT. 
So what is required by exposure tool is nothing more important than productvity. That is; 
a. Higher Throughput 
b. Higher Yield 
c. Improvement of Uptime and Automation 
Refering to the quality, the wider the display would be, the more it would be required 
uniformity and reducing defect ratio, and the more difficult throughput and yield would be. 


3-2. Enlargement of One Shot Exposure Area 

Enlargement of exposure area is a good method for improvement of productivity. (Fig-5) 
In the case of reflective optics, it is easier to enlarge image field than refractive optics. The 
optical system of MPA-1500 has been originally made to produce semiconductor device, and 
its resolution is 1.5~2ym. It is comparably easier to build a new optics with NA which 
optimized to 3~4, m and enlarged field for AMLCD . 

Maxmum size of one shot exposure is 14 inches. It means that you can take two 10- 
inch panels by one shot exposure. The advantage of one shot exposrue is nothing but no 
photo composing error. Photo composing error made by repeating pattern is very sensitive 
to human eyes, so no photo composing error is ideal in terms of porocess control and to 
keep accuracy of exposure tool. 


3-3. Optimized Substrate Size 
Optimized substrate size is important and difficult theme. The consideration of deciding 
Substrate size are as follows; 
a. Consideration of mass production of display size and maximum size 
b. Cost of manufacturing tool and productivity. (Throughput, Yield, Uptime) 
c. Difficulty of substrate handling and total Process control 
Three candidates of size are possible for 10-inch display; such as 
1. about 300200 (1 panel) 
2. about 300400 (2 panels) 
3. about 400 x 550 (4 panels) 
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Fig-6 shows the samples of new tools, type A abd type B. Type A is a combination of 
above 1. and 2, and also compatible with MPA-1500. They can be considered to be new 
models, and taking account of the former tool futures, a new tool is showm in this Figure. 


3-4. Substrate Size and Throughput 

Supposing two types of systems such as type A and type B both types with new 
optical system, and simulating throughput on each display size, the result is shown in Fig-7. 
Throughput is calculated by considering that of the MPA-1500 (using 10-inch display) as 1. 
Throughput means number of displays produced per hour. 

The new optical system would be supposed to achieve much higher throughput 
Naturally the substrate size is getting wider, throughput is getting higher by a desk 
calculation, however, when selcting the optimum substrate size, the total productivity should 
be considered as stated above. 


4. Conclusion 

The above mentioned is the features and future sterategy of mirror projection aligner. 
As considering to the cost performance, projection system would be the best one for 
AMLCD production. The material and component such as photomask and pellicle, necessary 
for one shot exposure of large field, have been improving steadily. 

We will do our best try to realize this mirror projection aligner, which is indispensable 
for producing cheaper AMLCD. 
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Fig. 3 | MPA-1500 Optical System 
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Fig. 4 Slit Width VS Resolution & DOF 
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A HIGH THROUGHPUT STITCHING ALIGNER 
FOR LARGE AREA MICROLITHOGRAPHY 


William C. Schneider and Griffith L. Resor 


MRS Technology, Inc. 
10 Elizabeth Drive 
Chelmsford, MA 01824 


ABSTRACT 


The need for large substrate, high-throughput, microlithographic systems has led to the 
development of the MRS PanelPrinter™ . This new stitching aligner combines image field 
photocomposition technology (stitching) with long-travel, air-bearing stage motions to achieve 
4um design rules over a 450 X 500 mm substrate. 


This paper presents a description of the PanelPrinter's system architecture and provides 
performance data to illustrate resolution, image distortion, overlay, scale compensation, and 
throughput on large-area substrates. Special emphasis is given to the on-board metrology 
systems which provide the stability and precision required to perform large scale 
microlithography. 


LINTRODUCTION 


The rise of an exciting new electronics industry awaits the availability of a new generation 
of precision capital equipment. This industry, still in its infancy, is producing flat panel 


televisions using Active Matrix Liquid Crystal Display (AMLCD) technology’! Commercial 


products using this technology are already available in the form of small, portable TVs.7As 
large-area displays emerge from research laboratories, a race is on among manufacturers to 
create a tool which has the capability to produce large-area displays with more acceptable 


throughput and yield.? 


2WHAT IS AMLCD TECHNOLOGY 


The structure of AMLCD devices is similar in many respects to silicon IC memories. These 
displays are composed of a large two-dimensional array of liquid crystal light valves (pixels). 
With the proper red, green, and blue color filter masks, triads of pixels combine to produce high 
quality color images. A linear thin film transistor at each pixel increases contrast and viewing 
angle. The level of integration for current AMLCD products is roughly equivalent to a 256K 
DRAM. The substrate used for these products is glass rather than silicon. 


The electrically active structures are patterned into deposited layers. Minimum feature 
sizes are in the 3 to 10m range. This feature size drives an overlay budget of 1 to2 um. The 
substrate flatness is typically 1 um per centimeter. 
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3. IMAGING REQUIREMENTS FOR LARGE-AREA AMLCDS 


Over the past decade, the state of the art in microlithographic optics has advanced 
tremendously. In the late 1970s, optical step and repeat projection printers were capable of 


imaging 2x1 08 resolution elements per exposure field. Today, lenses with 6x1 resolution 
elements are used routinely in production.The fabrication of a 19 inch diagonal AMLCD (in a 
single exposure field given 4 m design rules) would require a lens that can image at least 


70x10° resolution elements. This requirement exceeds what is presently practical for a 
projection lens image field. In order to produce large-area images, the lithography must be 
performed in pieces which are stitched together to create the display. 


Image stitching (butting) is fundamentally equivalent to stepping an array of circuit 
patterns on a silicon wafer. Since an AMLCD device is essentially a single continuous image, 
there can be no “streets” between image fields. This street space hinders the ability to perform 
die by die alignment, thus global alignment and blind stepping is a preferable overlay strategy. 


The scale of the AMLCD problem requires that certain machine parameters be tightly 
controlled. In particular, the large-area optical fields require that accurate relationships be 
maintained between reticle, lens, and stage. Establishment and maintenance of these 
relationships requires exceptional metrology and control. 


Thermal cycling during processing can cause large scale changes in the glass substrate 
material. Scale changes of 50 PPM or more are not unusual. A typical IC stepper is only able to 
adjust its stepping distance to correct for scale changes ( 22.5 um in 450 mm for a 50 PPM scale 
change). However, an IC stepper leaves a large image magnification error. For a lens with an 
80 mm field diameter, this image magnification error produces a butting error of 44m. Larger 
lens fields produce proportionally greater errors. 


4. MRS 4500 PANELPRINTER OPTO-MECHANICAL ARCHITECTURE 


The MRS PanelPrinter is similar in many respects to a conventional IC stepper Figures 1 
and 2 depict the opto-mechanical configuration of the MRS PanelPrinter. 


The substrate is automatically loaded and vacuum clamped to a 450 by 450 mm travel, laser 
metered, air bearing stage. The two camera units each consist of a projection lens, fold mirror, 
oblique reflection focusing system, g-line illuminator, reticle chuck, and four position reticle 
changer. Each camera focuses independently to compensate for substrate flatness. The right 
camera supports an optical alignment microscope which serves to align substrates to the optical 
column. 


The reticle chucks are dynamically controlled by the system computer in 6 degrees of 
freedom (6DOF). A metrology package mounted to the X-Y stage delivers feedback which is used 
to control the image characteristics of the projections lens system. This sensor/actuator 
combination allows images in the two cameras to be quickly and automatically aligned to form 
a field of exposures which together form a continuous image. 


After stepping the stage to a location, it is possible to open both shutters effectively halving the 


required step/settle/expose time on each plate. For example, a 400 mm by 400 mm display matrix 
array can be imaged with 64 subfields (8 rows by 8 columns) each 50 mm square. Since the 
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separation of the cameras is adjustable, with 2 camera systems, column pairs (1,5), (2,6), (3,7), 
and (4,8) are imaged simultaneously. Section 10 will show that image butting produced in this 
manner is acceptable for AMLCD production. 


5. PANELPRINTER METROLOGY 


5.1.1 Interferometer 


The Zygo Corporation Axiom 2/20 Laser Interferometer is the heart of the MRS 4500 
PanelPrinter metrology system architecture. In addition to controlling X-Y stage position, the 
interferometers also control stage theta to provide correction of stage rotation (yaw). (A 2 
arcsecond yaw error produces a 4.4 um image placement error over a 450 mm plate!) 


5.1.2 Weather Station 


A high accuracy weather station provides environmental feedback to the interferometer 
system. In addition, the reticle chuck uses this information to provide corrections for the 
environmental sensitivity of the projection lens. 


51.3 Ontical Metrology Pack 


Mounted within the X-Y stage is an optical metrology package consisting of an assortment of 
sensors and reference marks. This package utilizes the X-Y motion of the stage to obtain 
measurements. The goal of these systems is to provide calibration data and to eliminate the need 
to use “send ahead plates” during PanelPrinter setup and qualification. 

Best Focus Sensor -- To calibrate the oblique reflection focus system on each projection lens, a 
slit is scanned past the aerial image of a 4 j:m line/space grating pattern. After 24 samples are 
measured, the focus of the camera is changed.This process is repeated through a focus range to 
obtain the data shown in Figure 3. The image contrast at each focus point is computed and 
regressed as a function of focus. The maximum of the parabolic curve specifies the best focus 
position of the "real time” oblique reflection focusing system. 


Position Sensor -- A differential image position sensor obtains data describing placement 
errors in the projection lens imagery. From this data, it is possible to deduce image 
magnification, translation, rotation, keystone, and distortion in the image plane. (See Figures 
4 and 5.) 


Radiometer -- An in-stage radiometer provides illumination intensity and uniformity 
measurements. In addition, this sensor is used to calibrate and match dose for the two 
illuminators. 


Reference Alignment Marks -- Reference alignment marks used in conjunction with the 


image position sensor provide a means of measuring the distance from the optical axis of the 
projection lens to the axis of the alignment microscope (thus achieving automatic alignment 
offset calibration). 


Functional Combinations -- It is easy to characterize the relationship between functional 
combinations of measurements. For example, image magnification may be measured through 
focus to deduce telecentricity, thus facilitating illuminator set-up and calibration. 
























§. USING METROLOGY TO ACHIEVE CALIBRATION. 


Harnessing the metrology systems to systematically reduce streams of monitored data into 
transformation matrices is the role of the PanelPrinter's calibration database. The creation, 
maintenance, and update of this database makes it possible to program machine processes 
using ideal parameters and coordinates. These ideal values are converted during job 
execution into the actual parameters used by a particular machine. 


The reticle chuck utilizes a calibrated rigid body motion profile and a set of travel limits to 
translate logical corrections (i.e., image magnification or image keystone) into hardware 
actuator commands. Figure 4 depicts positional errors on -45 PPM image magnification and 


9.1 prads of image rotation. These errors are due to improper 6DOF reticle chuck settings.4 
Applying the appropriate corrections via the calibration matrix resulted in Figure 5. The 
magnification and rotation have been largely eliminated (-0.13 PPM and 0.93 prads, 
respectively) leaving a lens distortion and residual offset of 140 nm. 


LOPTICAL SYSTEM PERFORMANCE 


The PanelPrinter uses a 2X microreduction lens. Table 1 summarizes the lens 
parameters. 


Table 1. PanelPrinter Lens Parameters 





8015 g Projection Lens 
Field diameter 80 mm 
NA 15 
Lambda 43€ nm g line 
Resolution 3.5 um 





The SEM photos in Figure 6 illustrate the imaging capabilities of the lens. Shown in the 
figure are well-resolved 4 jm lines and spaces imaged in 1.5 xm of positive photo resist at the 
center and edges of the field through a focus range of plus and minus 10 um. 


Additional SEM studies at 4 um feature sizes (in 1.5 pm positive photo resist) have shown 
that the lens is capable of better than +4% line width variation through a focal depth of 20 um and 
an exposure renge of +4%. 


Using the focus sensor, best focus of 441m saggital and tangential features are measured at 
5 places along 2 merid.ans in the field. The data in Figure 7 illustrates the presence of plus or 
minus 3.8 um field curvature and astigmatism residuals. 


The PanelPrinter's illuminator is designed for throughput efficiency. Each illuminator 


contains a 3500 watt high pressure mercury arc lamp.The result is 200 mW/cm” of high spectral 
purity g line radiation at the image plane of the projection lens. The result is exposure times of 








approximately 0.5 seconds with 1.5 ym positive photo resist. 


8 OVERLAY 


A 300 by 200 mm test plate was created by stitching 6 columns and 5 rows of 50 mm square 
subfields with a single camera. The plate was developed and returned to the stage. A second 
level image was then globally aligned and printed. Figure 8 illustrates the overlay error which 
resulted. The average misalignment between layers is 0.41 ym with a maximum error of 0.61 
uum. These discrepancies are attributable to errors in original stepping, alignment system, and 
overlayed image stepping. 


2. STABILITY 


To ensure process control, the PanelPrinter's subsystems must remain stable in relation to 
one another. This section describes the stability of some of the key PanelPrinter subsystems. 


During substrate loading, the optical columns must be raised (on a vertical air bearing) to 
allow the plate to be loaded on the stage. Figure 9 illustrates the XY positional stability the 
column maintains during the raising and lowering process. The data was collected, with the 
alignment system, over a period of 12 hours and 324 column cycles. The repeatability is 
approximately +0.1 um. 


The projection lens magnification is a function of atmospheric pressure (see Figure 10). 
Utilizing the measured linear calibration relationship in Figure 10, atmospheric pressure 
feedback (shown in Figure 11) was applied to the reticle chuck to obtain the long term 
magnification stability illustrated in Figure 12. Once again, the stability is better than +0.1 pm 
over a period of 16 hours. 


As mentioned previously, thermal processing can cause irreversible scale change in the 
glass substrate. Once scale change has been measured during plate alignment, the reticle 
chuck is moved to compensate for it. Figure 13 shows the accuracy and precision of this 
compensation. The commanded magnification and the measured magnification agree to 
within 2 PPM. 


The long term stability of the compensation is outlined in Figure 14, which shows the results 
of varying (and then measuring) scale compensation for a period of 20 hours. Even over this 
period, the measured compensation was within 2 PPM of the desired value. 


10. IMAGE BUTTING ACCURACY 


The key task of the MRS PanelPrinter is to produce a large image with very small butt joint 
errors. These butting errors are a result of lens distortion, image scale error, image rotation, 
Stage stepping errors, and stage yaw. Figure 15 illustrates an exaggerated buit joint error which 
resulted when two distorted image fields were stitched together. 


In the instance shown in Figure 15, the errors at the joint are purely longitudinal (i.e., joint 
compression and expansion). Note that the magnitude of the joint errors is twice as large as |e 











distortion error that produced them (i.e., a lens with +0.5 um distortion produces joint errors of 
tlm). If some amount of image rotation is present, a lateral error (shear) also occurs. 
Longitudinal errors, if characterized, might be compensated in reticle artwork adjustments 
(i.e., with small overlaps between stitched fields). 


A 400 by 350 mm test image was created by exposing 8 columns and 7 rows with a 50 mm 
square test pattern. The left four columns are exposed with the left camera; the right four 
columns with the right camera. Male/female optical vernier pairs are positioned along the 
sides and corners of the test pattern. The verniers are used to measure the joint errors in the 
stitched fields. In addition, the vernier pairs are oriented in both the horizontal and vertica] 
direction so that longitudinal (joint compression and expansion) and lateral errors can be 
measured. Figure 16 shows the results of the image tests. 


Along the edge of each joint, an expansion vector has been plotted to illustrate the separation 
between the two image fields. In addition, a 0.25 pm reference circle has been drawn. Note that 
in Figure 16 the measured errors are al! due to joint expansion combined with a small amount 
of joint shear. In order to "balance" the residual pincushion lens distortion, the lens 
magnification is set so that the joint expansion occurs at the edge butts while joint compression 
occurs at the corner butts (see Figure 15). 


Table 2 summarizes the edge butting measurements. 


Table 2. Image Butting Measurements 





Longitudinal Shear 

Mean Max Mean Max 
Left Camera Joints —0.76 um  -l.lum -0.1 um -0.3 pm 
Right Camera Joints 10um -1.2um O.14um -0.3 um 
Center Joints 13yum ~-l.4um 0.24um -0.3 um 





The error at the corners of the butt fields occurred because of the joint compression. Joint 
shear was not measured but the magnitude of longitudinal corner errors was actually smaller 
than that of the edges. 


Table 3 summarizes the corner butting measurements. 
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Table 3. Image Corner Butting Measurements 





Longitudinal 
Mean 
Max 
Left Camera Joints 0.54 um 0.75 um 
Right Camera Joints 0.83 um 0.85 pm 
Center Joints 0.39 um 0.60 um 





By comparing the corner and edge longitudinal error, it can be deduced that an increase in 
magnification of 2 PPM for both cameras decreases the absolute value of the longitudinal joint 
error. However, the "peak to valley” error is determined by the amount of the residual lens 
distortion. 


10. CONCLUSION 


The AMLCD industry is rapidly gaining momentum as evidenced by continuing product 
evolution. Although the capital equipment industry is currently gearing up to support the 
production of this emerging technology, new techniques and capabilities are required for this 
support to succeed. The system architecture of the MRS PanelPrinter was designed to address 
these new requirements. The data presented in this paper clearly validates this architecture. 
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Figure 2. PanelPrinter Subsystems 
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Figure 3. Sensor Output Through Best Focus 
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Figure 7. Projection Lens Field Curvature/Astigmatism Residuals 
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Figure 8. Overlay Error Data 
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Figure 16. Butting Test Vernier Results 
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YHIN FILM NEPOSITION SYSTEM FOR TFT/LCD FABRICATION 
Hideo Takagi 
ANELVA Corporation 
Tokyo, Japan 


1. INTRODUCTION 


A lot of thin film deposition equipment are used for a-Si TFT/LCD fabrication 
process. Plasma-CVD systems are used to form a-Si or insulator, and Sputtering 
systems are used to form metals, ITO, and insulator. However system concepts of 
these machines are much different from those for IC production. The reasons are 
differences of substrate transfer method and deposition condition especially due 
to the different substrate size and the substrate materials as shown in table 1. 
For TFT mass production line large in-line deposition system with vertical 
double-sided electrodes are mostly used. 

In this paper, the features and improvement subjects of in-line plasma-CVD 
and in-line sputtering system are mentioned. 


2. FEATURE OF IN-LINE VERTICAL DOUBLE-SIDED DEPOSITION SYSTEM 


As shown in fig. 1, the in-line deposition system is consisted of multiple 
vacuum chambers jointed with gate valves. Substrates are loaded from 
atmosphere to vacuum at loading chamber, transferred to each process chamber in 
order to deposit single- or multi- layer(s) and extracted to atmosphere at 
unloading chamber. In the vertical double-sided deposition system, substrates 
are mounted vertically on pairs of substrate holder (called “tray"). 

The features of this type of deposition systems are followings. 


(1) High productivity by sharing each processes among each chamber 

(2) Low contamination and stable deposition condition (It is important for the 
a-Si and ITO deposition especially.) 

(3) Capability of multi-layer deposition 

(4) Reduction of particles compared with face-up deposition and reduction of 
self-weight bending compared with face-down deposition 

(5) Double quantity of productivity using almos. same chamber of size 


3. VERTICAL IN-LINE PLASMA-CVD 


As the typical example of in-line plasma-CVD system ANELVA mode! ILV-9100/9300 
series is shown in fig. 2. Model ILV-9100 series which have 500mm sq. uniform 
deposition area for a-Si was developed at first for mass production of p-i-n type 
a-Si solar cell in 1983. ILV-9300 was developed in 1987 for TFT mass production, 
and have 650mm effective area including SiN deposition, which means that 4 
numbers of 300mm sq. substrates can be mounted on one side tray. These system's 
features are mentioned below. 
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(1) Vertical both-side deposition 
Fig 3. is an outline of sectional view of the deposition chamber. A heater 
panel stands at the center of the chamber. A couple of trays which can move 
among those chamber is fixed during deposition close to both sides of the 
heater. Two r.f. electrodes (cathodes) through which gases and r.f. power are 
supplied are located vertically against both tray. The distance among tray 
and electrode is changeable independently in each chamber, and therefore the 
deposition condition of each chamber can be optimized due to film 
characteristics, deposition uniformity, less particles, etc. Further, because 
the both side doors on which electrodes are mounted are easy to open by hand 
as shown in fig 4., it is easier for operator to approach to the inside of the 
chamber and this ensure maintenability. 
(2) Common chambers 
The example of the chamber configuration to deposit multi-layers of gate 
SiN, a-Si semiconductor and cap SiN is shown in fig 5. Various chamber 
configuration can be taken depending on the device structure, process or line 
throughput of the user i.e. the panel maker. ILV series allows these various 
requirements because every chamber of each function have the same dimension 
and the same basic structure. Further, because gate valves and transfer 
mechanisms are also common the reliability of system is improved. 
(3) Upper transfer mechanism 
A couple of trays with substrates are moved hanged on a rail-shaped 
hanger. The rack & pinion method with two pinion gears in one chamber is used 
for transferring from chamber to chamber. Tray return system outside the 
chambers also uses the same mechanism. The reason why ILV series use the 
upper-hanging type is the tray size is 900mm sq. large in case of ILV-9300 and 
is difficult to support from the downward, and also these large trays have 
thermal bending due to the rapid heating/cooling, therefore, the hanging 
method from the upward have advantage in escaping these thermal distortion. 
these upper transfer mechanism is covered to protect particles fall down. 


4. VERTICAL IN-LINE SPUTTERING SYSTEM 


The sputtering system occupies a large part of process, such as metalization, 
insulator and transparent electrode formation process in TFT/LCD production 
line as shown in table 2. The in-line sputtering system features that the certain 
film thickness is obtained by passing at a certain speed in front of the 
sputtering target with a fixed sputter rate. Therefore, the sputtering system 
should have a control system that matches two another actions of the loading or 
the unloading chamber where trays are moved intermittently and the sputtering 
chamber where trays are moved continuously. As one of the typical example of 
the vertical in-line sputtering system, an outer view of ILC-3900 is shown in fig. 
6 and a system block diagram is shown in fig. 7. This system has the throughput 
of 100pcs/Hr at 300mm sq. substrate. The system construction is designed 
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variously depending on user's requirement as plasma-CVD. 
ILC-3900 features as mentioned below; 
(]1) Vertical both-side deposition 
The chamber configuration is mostly the same as ILV series Plasma-CVD, and 
couple of trays are transferred vertically. Gas inlet ports and vacuum 
pumping ports are placed symmetrically at both side of the chamber for the 
same deposition performance. As heaters can be equipped in the sputter 
chamber between both trays, stable deposition is obtained in case of 
thermal-sensitive materials such as ITO. Both-side door on which cathodes are 
mounted of sputter chamber can be extracted outward by hand and laid down 
as shown in fig. 8 to get better maintenability. 
(2) Unit structure 
The system is constructed with individually separated chambers such as load 
chamber, baking chamber, buffer chamber, sputter chamber, and unloading 
shamber. 
(3) wide erosion cathode 
New type 10 inch cathode whose erosion area is expanded as shown in fig. 9 
is used in the system. Because over 30% of target utilization ratio is 
obtained in case of ITO with this cathode, the running cost is reduced and the 
target exchange interval! is extended. 


5. FUTURE SUBJECT OF DEPOSITION EQUIPMENT 


The present situation of vertical in-line plasma-CVD and sputtering system for 
TFT mass production line is introduced as above. Next subjects about deposition 
equipment should be quoted towards the trend of mass-scale expansion in the 
pane! production and larger substrate size. 


(1) To develop the next generation system which equips new method of process 
and transfer mechanism for the superior productivity toward 300mm - 600mm glass 
substrate. 

(2) Completely automated system in loading and unloading of substrate to the 
equipment. 

(3) To minimize particle adhesion to the substrate. 

(4) To reduce maintenance interval or easier maintenance. 

(5) To reduce system cost and save the required floor space. 


There seems to be some inconsistency between each other to solve the above 
Subjects, and therefore may have some difficulty. However the mass production of 
a-Si TFT/LCD just stands on the start line and hence device structure, its 
material and the process technology may be improved very rapidly, and the 
deposition system should be improved from the present system step by step 
through various experiences of mass production. 
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Table 1. Differences of Duposition Process betvees IC & e-SiTPT Fig 1. Inline Deposition Systes 
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Table 2 Deposition Methods of Meteriais for TFT 
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WET PROCESS EQUIPMENT for LCD 


Atsushi Tamada 
Dainippon Screen Mfg. Co., Ltd. Development Department II 


Kyoto, Japan 


1. Introduction 

The color AMLCD panel of 10-inch class is now about to move as a motive 
force to expand the LCD market. Under these circumstances, the 
requirements to the LCD production equipment have been getting more and 
more severe for the purpose of substantial production. And it is urgently 
necessary to develop the equipment which secures a higher level of 
cleanliness, accuracy and throughput in the LCD production. 

In the AMLCD production process, patterning is repeated several times and 
considered as the most important factor influential over both production 
cost and yield. Described hereunder is an orientation of future 
developments, based on the actual situations and problems involved to the 
equipment related with such wet processing as substrate cleaning, 
photoresist coating, developing, etching, photoresist stripping, etc. 


2. Patterning Process and Equipment 

On an AMLCD, such active devices as thin film transistors (TFTs), etc. are 
arranged on a pixel by pixel basis. Thus, active devices are produced by 
patterning of thin films. Fig.l] gives an example of the TFT structure. In this 
example, patterning is repeated four times. Generally, however, it is 
repeated 2 thm 6 times according to the type and the structure of devices. 
Besides the design-rule is approximatcly 5 jm. A _ large-sized substrate 
requires an entirely uniform and highly accurate patterning technique. 
Fig.2 shows a patterning process. Given in Fig.3 is an external view of the 
equipment employed in the pre-exposure process (substrate cleaning and 
photoresist coating). And Fig.4 depicts the equipment employed in the post- 
exposure process. (developing, etching and photoresist stripping). At 
present, a system configuration generally employed comprises a spin 
processing system in the pre-exposure process, and a spray processing 
system in the post-exposure process. 


3. Present Status and Problems Involved 

To mass-produce color AMLCD panels of 10-inch class, we would have to 
dissolve two major problems; i.e. production cost and yield. From the view- 
point of production equipment, these problems must be coped with by 
upgrading the equipment in terms of cleanliness, accuracy and throughput. 
A description is given below concerning those technologies which each 
equipment unit is now utilizing in the patterning process. In addition, a 
consideration is given furthermore concerning the rest of the problem. 
3.1 Substrate Cleaning 

To clean a substrate, it is necessary to remove a contaminant (metals, ionic 
matter and organic matter) and sticking particles (dust, dust produced by 
men and by equipment, bacteria, particles in chemicals). And the substrate 
may be cleaned both chemically (acid, alkali, solvent and surface active 
agent) and physically (brush, high-pressure DI water jet or ultrasonic DI 
water). In addition, the IR/UV treatment (heat + deep-ultraviolet rays + 
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Ozone) may be effectively used for a pre-treatment of photoresist coating. 
Fig.5 shows an evaluation of substrate cleaning by measuring contact angle 
by drop method and Fig.6 depicts an evaluation of phtoresist adhesion as a 
side etch value. 

Drying is an important process essential to substrate cleaning. A poor level 
of substrate drying would leave behind particles, which will be more 
difficult to remove after completion of drying. Drying may be performed in 
either one of the two methods; spin dry and air knife. They should be 
properly used according to an equipment configuration before and after 
this process and to a purpose of cleaning. Quality water is required for the DI 
water rinse prior to the process of drying. The DI water for rinse may 
generally have a specific resistance of 10 thru 15 megaohms, and 0.2 um 
filter is required for it. With a wafer example taken up, Table 1 shows a 
relation between DI water specific resistance and particle number. 

At present, a major challenge relates more to the particles in size of 0.5m 
and above (i.e. 1/10 of the design-rule) than to the contaminant substances, 
as such particles are causative of pattern defects. And the particle 
measuring instrument applicable to a large-sized glass substrate was 
recently developed, enabling us to quantatively evaluate at the substrate 
cleaning equipment. 

3.2 Photoresist Coating 

The photoresist coating equipment is available in two types: roll coater and 
spin coater. From the view point of coating uniformity, the latter (approx. +- 
5% in coating uniformity) is often employed to produce AMLCDs. 

As an example of in-line processing systems, Dainippon Screen's PANEL 
SPIN series is configured with substrate cleaning, photoresist coating and 
pre-baking units.(See Fig.3) 

As an effective means of improving the coating uniformity, a processing 
program called "Short Spin" is used to accomplish the treatment a large- 
sized square substrate in a shorter time before the photoresist is completely 
dried. Ii does not only improve the coating uniformity but also to carry out 
back-rinsing so as to prevent photoresist and mist from sticking to the 
substrate on the back. 

Conventionally, the photoresist which sticks to the substrate on the side 
edge could not be cleaned and has resulted in particles at the equipment and 
substrates. In pursuit for a solution to this problem, we have studied the 
coating program, rinsing solvent and its flow rate and nozzle location. As a 
result, we have materialized an effect of rinse on the side edge of a substrate 
while keeping the coating uniform. Fig.7 shows an example of the coating 
program while Fig. 8 depicts a model of the photoresist coated on a substrate 
at the comer. According to the findings of a study on Table 2, we could 
succeed in reducing the photoresist which sticks to the substrate on the side 
edge to a problem-free level, though the photoresist has a little larger turn- 
back. 

3.3 Developing, Etching and Photoresist Stripping 

These processes may be performed by a butch type treatment method in 
which a cassette with substrates is immersed in a processing bath. At 
present, however, continuous single substrate processing system is widely 
employed. As an example, Dainippon Screen's PANEL PROCESSOR series 
which is employed for developing, etching and photoresist stripping 
processes can be properly used by changing the working chemicals only in 
a nearly identical system configuration. Based on the requirements and 
throughputs in the above-mentioned three processes, modular equipment 











units are combined and configured into an in-line processing system.(See 
Fig. 4) 

The processing chamber is of hermetically closed construction to prevent 
chemicals and steam from leaking into exterior while impending an 
inversion of impurities from the exterior. Working chemicals are filtrated, 
cleaned and circulated in an efficient working system. The PANEL 
PROCESSOR is most characterized by its applicability to an in-line system 
where both functions of a spray method and of a dip method are freely 
combined. Besides, the PANEL PROCESSOR permits us to select processing 
condition arbitrarily. In the developing process, a spin processing system 
may be employed in some cases. 

3.4 Baking 

Two sorts of baking are required: pre-baking and post-baking. The former is 
performed after completion of photoresist coating and the latter after 
completion of developing. "The direct hot plate oven" features both 
cleanliness and heating accuracy improved in a great measure as compared 
with conventional beli-type oven system. The plate on the first stage is of 
proximity type, with consideration given ‘0 a warp of the substrate. But a 
warp difference depending upon the condition for formation of film may 
sometimes be problematic. 

3.5 Substrate Transfer 

Though not directly related with the processing functions, the substrate 
transfer is a function required to configure an in-line system. It is related 
deeply with cleanliness and throughput. The conventional O-ring conveyor 
system has been being changed over to a mechanical transfer system. Some 
technological problems, however, must be dissolved still now to transfer 
Substrates by this system through entirety of equipment. 


4. Orientation of Development 

Semiconductor technologies have been applied to the patterning process of 
AMLCDs. A difference in orientation, however, seems to lie in that the 
AMLCD patterning can be processed at a resolution of 3 thru 5 ym in the 
future, too, without continuing to pursue for a refinement. From the 
performance of a TFT, etc., a further refinement may be required. From the 
viewpoint of an entire patterning process, however, a design-rule of 3pm is 
considered as a possible limitation to the mass-production. 

As compared with as the DRAM, the AMLCD has a design-rule of 16 thru 64K, 
with the element number of equivalent to 256K. For the semiconductor 
patierning process equipment, new technologies have been developed in 
response to a requirement to improve the integration level for the DRAM. A 
current of these developments is shown on Table 3 in comparison with the 
LCD processing equipment. Based on these situations, we could summarize 
the course to develop a future patierning process equipment as follows: 

4.1 Substrate Cleaning 

Substrates are cleaned mainly before coating photoresist. More recently, 
however, the substrate cleaning process has begun to be partially used upon 
acceptance of substrates, before thin film deposition, after stripping the 
photoresist and even after completion of color filtering and rubbing, too. To 
cope with an expansion of applications, we are proceeding with the 
changeover to a module of the equipment in which various cleaning 
methods may be combined according to an application. In the ultrasonic 
(MHz band) cleaning system of capillary nozzle type, a line-type nozzle has 
been developed so that it may be applicable to the continuous horizontal 








treatment system. The above mentioned method has the advantage that a 
resticking of particles scarcely takes place in a chamber. 

In the drying process, the air knife system is proceeding with the 
prevention of a resticking of particles, with consideration given to the 
cleanliness and air flow. The IPA vapor drying method has been also studied 
to increase the throughput and to cover a large-sized substrate. 

4.2 Photoresist Coating 

Both roll and spin coaters are aimed at an improvement of coating 
performance, with the development prompted to achieve targets of +-5% 
(roll coater) and +-3% (spin coater) respectively. The roll coater which 
consumes the photoresist efficiently, is expected to be used for coating such 
a valuable materials as color photoresists, etc. 

4.3 Developing, Etching and Photoresist Stripping 

To enlarge the size of substrates, the development is oriented to improve the 
uniform process and to save chemicals, etc. Both etching and photoresist 
Stripping processes are being studied for a possibility of the changeover to a 
dry process. But with the problem of substrate size and the semiconductor 
converter examples taken into consideration, we think it highly probable 
that the wet process will be used for the time being. 

4.4 Baking 

Baking requires a processing time of approx. 90 seconds or more. The tact 
time has been so far improved by extending the number of stages in an oven 
unit. The space problem, however, has turned out significant. We are now 
promoting the development of a multi-stage hot plate oven of three- 
dimensional arrangement type, which has been employed partially in 
semiconductor process. 

4.5 Substrate Transfer 

We are proceeding with the development of transferring substrates through 
a entire processing line by mechanical transfer system in response to the 
trends oriented for higher levels of both cleanliness and speed. Key points 
involved lie in selecting a back-contacting material, in preventing slippage 
upon transfer and in providing a clean air flow. 


5. Summary 

It is expected that the color AMLCD panel of 10-inch class will form a 
significant market, the LCD industry has been acting vigorously. We on the 
part of equipment manufacturers should keep up with these trends while 
Striving to develop the equipment meeting the needs of the time. 
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Table 2 Edge Rinse and Coating Uniformity 

No} tl | t2| t3)} Rins Flow; Lil} L2)| Side X:A R:A|R/X:% 
1;0;3)0 Aij/130;30/17 Ai'}20774)14168|68. 2 
21;5;5]1 Ai;130;14 9 C;17095 2121;12. 4 
3/5/51) 1 Ai;170/;14 9 D} 17021 995 5. 9 
4}/5;5] 2 B; 150 - 6 B}/ 15974 1033/1332. } 
59/5/}2] 2 B;} 150 - 6 B; 16605 720 4. 3 
6/5;5j| 2 B;| 200 = 6 B; 15830 2472)15. 6 












































tl~t3:See Fig. 7, Rins:Rinsing Solvent(A or B), Flow:Flow Rate(sl/msin), 
Ll*L2:See Fig. 8, Side:Photoresist Sticking State to The Side Edge(A:Good‘-)D:No Good) 


X :Average of Photoresist Thickness, 


R :Range of Photoresist Thickness 


Table 3 Semiconductor & LCD Patterning Process Technologies 



























































SEMICON/LCD DRAM 10in Class LCD 
Generation 64K 256K 1M STN AM 
DesignRule “ao 4~3 | 2.0~1.5 1.25~1.0 ~20 5~3 
Chip Area mm° 3 0 40, i 60 30000 30000 
Clean. Class 100 7 10 ] 1000 100 10 
Cleaning BrushaUS Jet-S D-sonic BrushaUS Jet-S D-sonic | 
Edge Treatment Edge -Rinse _ Edge -Expose Edge-Rinse 
Etching Vet Dry Vet Dry 
Baking Oven Belt DHP 3-D. DHP | Belt DHP 3-D. DHP 
Transport | O-Ring Wech. O-Ring Wech. 








US:Ultra Sonic, Jet-S:High Pressure DI Water Scrub, D-sonic:Nozzle Type US(MHz Band) 


DHP: Direct Hot Plate, 


- END - 
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3-D. DHP:3-Dimensional DHP, Mech. :Mechnical Chack 
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